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ABSTRACT 

The purpose of this study was to determine if a Virtual Environment (VE) model of a natural 
environment could provide familiarity training transfer. The methods used included aspects from sport 
orienteering. 15 male participants comprising three ability groups participated within three treatment 
groups. The treatment groups were comprised of a map study, map and VE study, and an actual 
environment study. 

The results indicated that navigational ability had a more pronounced effect on performance then 
did treatment group. However, among the treatment groups, the intermediate ability group seemed to 
benefit the most from the VE. Within the VE treatment, the beginner ability group seemed to suffer from 
excess workload, while the advanced group found the VE treatment only useful for pinpointing the location 
of the marker. 

The results indicate that a properly designed VE can, through training, impart a familiarity with a 
selected natural environment area, better than map study for all except the most sophisticated land 
navigators. Further study is needed to examine aspects of the VE, how they need to be represented, and 
what other refinements or features could be included in such a VE in order to maximize training transfer, 
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I. INTRODUCTION 



A. PROBLEM STATEMENT: CAN VIRTUAL ENVIRONMENTS BE USED 
TO IMPROVE WAYFINDING PERFORMANCE FOR THE PERSON ON 
FOOT IN AN UNFAMILIAR NATURAL ENVIRONMENT? 

The ability to use Virtual Environments (VE) as a training aid for improving combat 
performance by the individual foot soldier is predicated in great part on the level of fidelity between 
the VE and the environment being modeled. Just what that fidelity is, and how best to represent 
it, is still unknown. I infer that a significant part of that fidelity involves modeling the actual 
environment to the degree that the foot soldier, after having trained in the VE, feels as if he 
already knows the place. Knowing the place means in large part, being able to move about in that 
space with the same level of confidence which one has when you move through an oft frequented 
woodland, park, or forest. This place is known to the extent that even certain trees, rock clusters, 
minor trails, or other features are not only recognized on sight by this person but he could take 
you to these features by any number of routes without the aid of map, compass, or Geographic 
Positioning System (GPS). 

Moreover, this person has the sense of well being that comes from knowing where he is 
and not fearing becoming lost. Knowing where you are allows you to reduce your dependency on 
navigational aids, thereby freeing time and concentration for other tasks. Knowing the 
environment as if you have already been there, allows you to rapidly exploit that knowledge for 
offensive and defensive actions without the apprehension which often accompanies moving 
through an unfamiliar environment never seen before but only roughly imagined by the low level of 
detail provided on a typical topographic map. This is one component of situational awareness: 

“ The most important thing learned from the Task Force XXI advanced warfighting experiment 
held at the National Training Center, Fort Irwin, Calif., last month is “that situational awareness is so 
powerful." Gen. William W. Hartzog, commander of Training and Doctrine Command. 

According to the general, situational awareness consists of three things: 

1 . Knowing where you are. 

2. Knowing the location of friendly forces. 

3. Knowing the location of the enemy. 

“Now, when you know those three things you are given a startling tool on any battlefield 

anywhere," he said. 
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Unlike the combat vehicle crewman, who by virtue of his vehicle’s speed, size, mobility 
characteristics, and function, is primarily concerned with representations of those features in a 
VE that impact on his vehicle’s performance ( manmade and natural features that facilitate or 
hinder vehicle movement and opportunities to fire or be fired upon), the foot soldier is concerned 
with a higher level of detail not represented by today’s simulators. When operating on the mission 
objective area, this level of detail goes beyond the simple portrayals of vegetation and manmade 
features where a representative item is replicated in a uniform or pseudo random fashion. When 
viewed from the foot soldier’s perspective, this type of modeling produces the “clean” or sterile VE 
which is often at significant variance to the actual terrain and thereby, at best, degrading the VE’s 
utility or worse creating false knowledge. This type of modeling often omits depressions, minor 
roads or trails, clearings, and other conspicuous or important features to the foot soldier. 

Modeling these features and landmarks are essential if VEs are to create this level of spatial 
familiarity to the foot soldier about to conduct a mission on the modeled terrain. 

To the non-military user, knowing what and when to model in a natural environment so 
that the user has a heightened sense of familiarity may not only pave the way for a more informed 
direct experience, but may permit decisions to be made without first hand experience of the actual 
environment if the user has confidence in the integrity of the model. Also by understanding what 
features are best modeled and how to present them in a VE meant to represent real space, VE 
designers may, in turn, learn how to create more navigable stand alone VEs thereby diminishing 
the common phenomena of “lost in cyberspace” (Darken and Sibert, 1996). 

Can VEs be used to create the level of familiarity with the natural environment for the 
person on foot that up to this point has only been demonstrated for building walk-throughs or 
tested for aircraft flyovers? This study addresses that question. 
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II. BACKGROUND 



A. SPACE, PERCEPTION, AND NAVIGATION 

Landmark knowledge by itself is little more than a crude representation of the 
environment (Wickens, 1992). Navigational ability may reside in route or survey knowledge (see 
Glossary for explanation of landmark, route, and survey knowledge). Thorndyke’s (1980) 
research has suggested that each of the respective knowledges is preferred for certain 
geographic tasks. Additionally each may be acquired independently of the other through different 
training techniques. 

Route knowledge is derived from an egocentric point of view. This type of knowledge is 
illustrated by directions such as “right” at the road junction. This command will lead to different 
route choices based upon the perspective of the person at that moment, such as whether they are 
facing east or west at the time they encounter the road junction. In contrast to this is survey 
knowledge where the appropriate reaction upon encountering the same road junction would be to 
“take northerly road”. In this instance, the needed direction would be taken regardless of which 
direction the road junction was approached from. 

Thus, Thorndyke has proposed that the possession of route knowledge is best suited for 
decisions made from an egocentric frame of reference. This includes pointing out the direction of 
a landmark not currently visible or judging the distance that must be traveled between two points 
and actually navigating that route. Whereas survey knowledge, which provides a more exocentric 
viewpoint, would be good at estimating the relative direction between two different landmarks and 
estimating straight line distance as opposed to walking distance between them. Identifying the 
absolute location of a landmark on a map is also an instance of demonstrated survey knowledge. 

Regarding Thorndyke training, argues that route knowledge is best obtained through 
direct navigation of an environment. Comparatively, survey knowledge is best initially obtained by 
map study. However, survey knowledge will also eventually be developed from direct navigation. 
Thorndyke and Hayes-Roth (1982) tested this assertion through two groups of subjects on 
orienting and distance estimation tasks. One group acquired knowledge of the topography of the 
Rand Corporation building through extensive navigation training (route knowledge). The other 
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group acquired knowledge by map study (survey knowledge). The results confirmed predictions. 

At modest levels of training, the map learning group demonstrated better estimates of Euclidean 
distance and object localization than the route knowledge group did. 

Additional training of both groups showed an asymmetry of results. Eventually the 
navigation trained group surpassed the map trained group in all tasks. The progression from 
route to survey knowledge suggests that our internally based egocentric frame of reference slowly 
progresses from an inside-out context dependent frame of reference to an outside-in context free 
representation (Wickens, 1996). 

Wickens also asserts that these results have important training implications. He suggests 
that extensive map study may not be very effective in preparing someone to navigate in a strange 
environment. He claims that a more effective training procedure would be provided by an inside- 
out experience of an environment where “the operator actually navigates through videotapes, or 
even views a highly abstracted movie that indicates the twists, turns, and landmarks to be 
encountered in navigation”. 
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III. VEs AND WAYFINDING 



A ABSTRACT LEVEL 

Studies on the acquisition of spatial knowledge in VEs have been conducted on several 
levels. Fundamentally, they have dealt with simple geometric primitives such as cubes and 
rectangles confined within limiting walls (Peruch, Vercher, and Gauthier, 1995). Peruch et al have 
confirmed that spatial knowledge acquired through active exploration is superior to that of either 
dynamic passive or dynamic static exploration. 

Their study consisted of a spatial layout of four target cubes hidden from each other by 
obstructing inner walls and all of these objects contained within a limiting wall with an entrance 
point on each of the four sides of this wall. In the active exploration condition, the participants 
freely explored the space, their view smoothly changing in response to their manipulation of a 
joystick. Their objective was to locate each of the four target cubes. In the two passive 
conditions, the objective was the same but in the case of the dynamic passive condition the 
participant had no control over route selection and viewed the smoothly changing scene from a 
programmed route designed to show the all four cubes twice the participant by touring the area in 
a clockwise and counterclockwise fashion. The programmed tour lasted four minutes. In the 
dynamic static condition, the participant viewed a series of static slide-like scenes selected along 
a continuous path. These scenes corresponded to one of every 72 frames of an 18 frame per 
second smooth changing scene rate. Each static scene was displayed for 4 seconds. All three 
exploration conditions were four minutes. 

The participants ( nine women and nine men ages 20 to 39) were allowed to practice 
working in the simulator in order to relate the motion of the joystick to the changing scene before 
the preview. After each group was given a preview of the simulated space (the exploration) under 
their respective condition, they were immediately subjected the target location test. The 
participant was required to do the target location test; where being placed near the center of the 
simulated space, they were directed to use the joystick to select the shortest path to reach a given 
target cube. Not one target cube was visible from the start point even if doing a 360 degree 
rotation. Eight test trials were performed for each of the experimental conditions. A large display 
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screen was used that provided the perspective one would have of looking out the front windshield 
of a car with no side views. 

The results showed that the active exploration condition systematically yielded the highest 
number of memorized spatial cues. Participants that acquired the highest spatial knowledge also 
had the highest performance score. Dynamic and static passive conditions of exploration yielded 
equivalent performance as determined by the same two dependent variables (score and 
completion time). This later point has interesting implications as to how two different viewing 
conditions, fixed frame and continuous sweeping may lead to an equivalent performance. 

B. PROMOTING GEOGRAPHIC KNOWLEDGE IN SIMULATED AIRCRAFT 
NAVIGATION 

Traditionally pilots have been trained to prepare for an upcoming flight by drawing and 
studying their routes on aeronautical charts. For flights conducted under visual flight rules pilots 
use the navigation method known as pilotage, a technique that is involved in nearly all low level 
rotorcraft operations (Williams, Hutchinson, & Wickens, 1996). In this method, pilots choose 
salient landmarks that will bracket their course. 

Previous studies seem to indicate that active mode learning is superior to passive mode. 
However, this positive result may diminish as work load increases. Optimal scene detail is also in 
question, yet to be accurate, most of the studies involving scene detail have looked at landing, 
altitude maintenance, and bombing. Successful navigation is significantly dependent on the 
localization as well as positive identification of landmarks. This suggests that higher levels of 
scene detail may better support the identification component of the navigation. 

In testing the effects of level of detail (LOD) and active vs. passive participation in a 
simulated rehearsal flight, active participation was once again demonstrably superior in promoting 
the acquisition of spatial knowledge (Williams, Hutchinson, & Wickens, 1996, experiment 1). A 
third group studied only a map and achieved of level of performance above the passive but below 
the active group. Two of three groups trained in low and high levels of scene detail respectively. 
When both groups transferred to a high image fidelity simulation to fly the same route the transfer 
results indicated no effect of scene detail on level of performance. However, it must be noted that 
all groups in this experiment still had access to their map and thus any influences from the various 
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treatments could have been washed out by the fact that all the pilots still were able to refer to their 
maps during the test portion. 

Survey knowledge was also tested among the three groups. Although the map study 
group was able to reconstruct the map to a higher level of detail then the other two groups, and 
they did well on the landmark recognition measure, they were no more successful than the other 
two groups in returning to the start point. The return to the start point task was given after the 
participant had arrived at the final checkpoint. The participant was not told that this would be a 
task on the test until arriving at the final checkpoint. Unlike preceding tasks, the participant was 
required to complete this final navigation task without reference to the map. The results of this 
survey knowledge test suggest that, though the map study group’s reconstructed maps were 
superior and implied a superior survey knowledge than the other two groups, this ability did not 
translate into a capability to apply that knowledge. This result supports the presumed 
independence of reconstruction skills and the functional use of this survey knowledge proposed 
by Thorndyke and Hayes-Roth (1982). 

This experiment was repeated, except that all participants were denied use of the map for 
the transfer test flight. The results from this second experiment imitated the first one except that 
the active group, with a fixed map orientation, experienced a significant drop in performance. 

Also during the rehearsal flight the active group was forced to fly 40% faster in the second 
experiment in order to reduce the study time for all groups to 20 minutes. The faster flight 
increased the bandwidth requirements for horizontal and vertical control and likely increased the 
overall flight control workload. 
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C. TRAINING DISMOUNTED SOLDIERS IN VIRTUAL ENVIRONMENTS: 
ROUTE LEARNING AND TRANSFER 

The Army Research Institute (ARI) constructed a highly detailed model of an office 
building using Multigen and WorldToolKit (Witmer, Bailey, and Knerr, 1995). The building was 
rendered using a SGI Crimson Reality Engine and displayed via a Fakespace Lab two color 
Boom2 (a high-resolution binocular display at the end of an arm that allows six degrees of 
freedom movement and thumb buttons that control forward and backward movement). 

The participants were sixty college students who had no previous exposure to the 
building. All participants first studied route directions and photographs of landmarks, either with or 
without a map, and then were assigned one of three rehearsal groups. The respective groups 
were the VE group that rehearsed in the building model, the building rehearsal group that 
rehearsed in the actual building, and a symbolic rehearsal group that relied on verbal rehearsal of 
the route directions. Having the participants estimate the distance and direction tested route 
knowledge to selected landmarks, while survey knowledge was tested by the capability of 
participants to exit the building using an unrehearsed route. 

The research found that participants who rehearsed in the actual building made the 
fewest number of errors followed by the VE group, and then the symbolic group. Each of these 
differences was statistically significant. Knowledge accrued about the building layout or 
configuration (survey knowledge) was not significantly different among the various rehearsal 
conditions and no significant differences were found as from map use. Only a gender effect was 
noted with males performing better than females. There were no interactions among the various 
conditions. 

The results indicate that spatial skills learned in a virtual environment can transfer to real- 
world settings if the virtual environment adequately represents important landmarks and stimulus 
cues. The VE group, though not performing as well as the building group, did much better than 
the symbolic group, even better than those who had previously studied a map. 

D. WAYFINDING IN THE NATURAL ENVIRONMENT, MAPS, AND 
TERRAIN VISUALIZATION 
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The psychological aspects of wayfinding in the natural environment have been 
researched extensively by psychologist Rachel Kaplan. Included within her studies on the subject 
have been an examination on the fear of getting lost and on the building of confidence on the part 
of the navigator to mitigate or eliminate that same fear. Developing knowledge about future 
needs, learning techniques for dealing with new situations, and confidence in problem solving 
developed as a consequence of prior successful problem solving; all of these depend upon the 
adequacy of an individual’s internal model of the environment, and this in turn depends upon 
experience (Kaplan, 1976). 

The “future” environment must be modeled so that it facilitates envisioning it. Merely 
describing it makes it difficult for a number of people to arrive at the same spatial relationships 
and physical characteristics among objects. The scene needs to be taken in one sweep where 
the spatial characteristics are immediately comprehended in a uniform way by all who view them. 
This suggests that the best way to represent an environment is through a model or simulation. 
Though models are abstractions, they need not loose coherency because of a lack of detail. 

Object constancy is important in this sense so that houses are recognized as houses and so on. 

Kaplan’s study showed, among other things, that participant’s required to draw a map of a 
natural environment after a brief walk through of that environment came up with radically different 
maps for depicting what they had seen in spite of the fact that they all had walked the same route. 
The majority of maps were linear (route maps) showing a sequence of landmarks connected by a 
line (the path walked). Two maps were pictorial, showing key features in elevation and obscuring 
geographical relationships, while two other maps were regional, showing areas defined by types of 
flora and topographic elevation. Kaplan concluded from this that the maps indicate that there is 
much more in a person’s mind than what any single map conveys. 

A later study by Kaplan involving 85 seventh graders indicated that prior experience (via 
abstract non-contour based maps) did make a difference in terms of reactions to the experience 
in the natural setting. Of more compelling interest was the conclusion that prior cognitive 
structuring of an unfamiliar outdoor setting must be done well or not done at all. The conclusion 
was drawn from the result that participants who had information that they knew to be irrelevant 
about the environment that they were about to enter had no difficulty ignoring it whereas another 
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group which had been given relevant but misleading information experienced cognitive incongruity 
which detracted from their experience in the natural environment (their confidence about their 
knowledge of that environment). 

A final study by Kaplan used contour maps and aerial photographs. The results of this 
study showed that the group who oriented themselves to the natural environment experience 
beforehand using an aerial photograph were more favorable to the experience and enthusiastic 
about the thought of future trips to the park than the contour map based group. In contrast to the 
contour map based group which had greater confidence in their wayfinding ability. Possible 
explanations could be the quick sense of space that the photograph provides to a participant base 
(106 seventh graders) not thoroughly schooled in contour map reading. The contour map group 
had received some instruction in reading contour maps prior to their use of a contour map during 
the test. Of particular note was the fact that the contour map based group had a higher degree of 
confidence in their wayfinding ability independent of their attitude regarding the experience. This 
implies that confidence and comfort in the natural environment contain a variety of informational 
inputs (Kaplan 1976). 

On the basis of these studies Kaplan concluded that their is a need for a map that 
provides a more intuitive sense of height and depth than the contour map. The use of a “game” 
format to encourage active participation on the part of participants as opposed to passive learning 
was very well received on the part of participants. The fear of getting lost in the natural 
environment is not merely a function of a lack of prior experience with that particular environment, 
but of a lack of cognitive structure for such settings as a whole, or in other words the lack of a 
“sense of place”. Concerning what is important to represent to the navigator on a map of a natural 
environment Kaplan is less sure. The only things that seem to stand out in the natural 
environment to her are the non-natural features of that environment. Of secondary importance 
are the characteristics of regions such as a forest, clearing, or tall grasses. Thus the problem of 
identifying landmarks in the natural environment becomes one of identifying unique features 
against background. Kaplan concludes that confident wayfinding and orientation in a natural 
environment can be enhanced, at least to a limited degree, by prior exposure to relevant 
information. Additionally, a critical component of this wayfinding skill will be the ability to identify 
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what is “distinctive” after one has become sufficiently well acquainted with the setting to know 
what is distinctive. The importance of a sense of place and the preference for the familiar may 
relate to the ability to be comfortable with an environment so that distinctive elements can be 
differentiated (Kaplan, 1976). 

Research on map reading and terrain visualization done by the Army Research Institute 
for the Behavioral and Social Sciences (Simutis and Barsam, 1983) has shown that their can be 
considerable individual differences when it come to map reading abilities. The ability to visualize 
three-dimensional terrain from a two-dimensional contour line representation represents the most 
complex skill required of a map reader. At the time of this study three solutions were proposed to 
help overcome the individual differences in map reading and terrain visualization skills 
demonstrated by soldiers: 

1. Redesign the maps 

2. Improve techniques to train map reading skills 

3. Select individual with map reading abilities for this task 

Redesigning of maps in accordance with user preference surveys has had little 
usefulness in facilitating better user performance with these maps (Wheaton, Zavala, & Van Cott, 
1967). Different methods of portraying relief on a map have provided similar results in that 
performance gains in one area (time to extract relief data) were offset by performance losses in 
another area (terrain visualization). Only greater map reading experience positively correlated 
with increased map reading performance. 

Research on individual map reading differences have confirmed that differences in spatial 
skill abilities exist. However, map readers will likely never be selected solely on their ability to 
read a map as many other skills are important in the performance of a military specialty. 
Consequently any improvements in map reading performance will have to come as a result of 
improvements in map reading training. 

As with many other skills, trainers believe that the best way to improve terrain visualization 
performance is through experience. Thus techniques that broaden terrain visualization 
experience in short period of time are important to the Army. An experiment was conducted 
which studied the performance advantages among a three dimensional terrain board, 
stereoscopic slides, and two dimensional slides. Eight different groups were formed around 
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combinations of the previously mentioned training aids. The group that trained with a combination 
of three-dimensional terrain boards and two dimensional slides performed the best in terrain 
visualization. 

Under the same study, Army researchers experimented with computer graphics as a 
means of training terrain visualization. A low resolution computer graphics application was used 
where the participant could place himself on a specific site within the map and then could rotate 
an arrow from 0 to 360 degrees to indicate the direction of view. Once the site was selected the 
participant could then view the terrain as if they were standing on the chosen site and looking in 
the chosen direction. The terrain could be plotted on the screen in two or three dimensions. No 
mention is made in the study as to the portrayal of map features other than relief. From figures 
included in the study it would seem that only relief was modeled and all other types of features, 
both manmade and natural were not part of the terrain modeling. 

Participants were classified as to spatial ability through three subtest scores from the kit 
of Factors Referenced Cognitive Tests. Participants were classified as having either above, 
average, or below average spatial ability. These three groups were then further divided between 
two test conditions: interactive and non-interactive. 

The tests indicated that for participants of above average spatial ability interactive 
graphics training was more effective than non-interactive training. There was no effect of training 
condition for participants of average or below average spatial ability (Simutis and Barsam, 1983). 
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E. 



ORIENTEERING 



By virtue of the added detail in an orienteering map, which makes it a more suitable 
template for deriving a high fidelity VE than any other topographic map, and the presence of two 
orienteering clubs in the area, I decided to use orienteering as the basis for my experiment on 
wayfinding in the natural environment and VEs. Orienteering provided me with a detailed 
conceptual framework for map and corresponding VE construction, a method for evaluating the 
effectiveness of navigating an orienteering course (Lowry and Sidney, 1989), and a pool of skilled 
map readers with which to draw upon for participants. This last point has significance since from 
a logistics relevancy, the research is within a military applications context and I restricted 
participation to only those individuals who were familiar with map and compass use. Prior 
exposure to sport orienteering was required. Finally, since orienteering has a history as an 
organized sport reaching back over 100 years in Sweden, it also has a correspondingly extensive 
taxonomy, methods for training, and most importantly within the context of this study, a system for 
identifying and classifying common navigation errors. 

Orienteering is a sport where participants use specialized maps, clue sheet, and a 
compass to locate orange and white three side flags known as “controls” (see Figure 1) in a race 
against the clock. It is wayfinding in the natural environment with a competitive angle. Courses 
vary in difficulty and are rated with color codes to reflect their relative difficulty to each other. The 
easiest course (white) normally contains from seven to twelve controls set alongside roads and/or 
trails for a cumulative control to control distance of approximately three to five kilometers. 



Dimensions: 

12”x 12” 

Colors: 

White 

International Orange 



Figure 1 . One Side of Three Sided Orienteering Control Marker 

Like all courses, regardless of difficulty level, these controls must be found in sequence. 

Upon finding a control marker, the participant will take out his scorecard and “punch” their card 
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with the punch that hangs from the control. The punch is approximately the size of a small pocket 
paper stapler and contains a letter or symbol pattern in small spikes which when applied to the 
scorecard, perforates it leaving a hole pattern in the scorecard that matches the punch’s pattern. 
This verifies to the scoring official back at the finish that this participant did indeed find a given 
control. Participants must find all the controls on their course in order to be considered as 
finishing. At that point, all finishing competitor’s times for a given course are compared and 
sorted, with the fastest time winning, etc. 

The orienteering map is a highly detailed specialized map reflecting the orienteering 
participants need to know fine details about the environment which in they are competing. These 
details include but are not limited to all roads, trails, and classifications of vegetation based upon a 
competitor’s ability to run through it. Other features as small as isolated boulders, individual trees, 
fences, and other features not normally represented on a USGS topographic map, are often part 
of an orienteering map. The idea being, if the map contains such detail, then the orienteering 
course designer can use that detail in the creation of a course. Orienteering maps are normally 
produced at a scale of 1:15,000 or 1:10,000 whereas most USGS and military maps start at 
scales of 1 :24, 000/1 :25,000 and go up. So not only do the purposes of orienteering and normal 
topographic maps differ, but their respective scales denote corresponding levels of detail. More 
information on orienteering map specifications can be found in International Specifications for 
Orienteering Maps in Appendix A. 

The clue sheet is the one other aid that the competitor uses to pinpoint the location of the 
control. It is normally a small sheet of paper which contains orienteering symbols (and 
corresponding textual explanations for beginners) as to the precise location of the control within 
the circle drawn on the map. It will include a description of the feature the control is placed on, 
such as hilltop, fence corner, or individual tree. It will also state on what side of this feature the 
control is located, such as on the north side of a tree, or southwestern corner of a building. The 
intention here is to provide all the information necessary to the competitor so that a deliberate 
course can be set for the control, as opposed to luck being the deciding factor influencing the 
finding of the control as the competitor enters the marked circle. See Figure 2 for the clue sheet 
used in this study. 
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Course Orange Length 2070 meters Climb 11 m 
Start 

Building Northwest side 
Pit Shallow Size lxl m 

Small depression Shallow Size 3x3 m 
Single tree Deciduous Height 4 m Northwest side 
Ruin Size 3x7 m On top 
Dry ditch Ruined East end 
Clearing 

Clearing Northeast edge 

Figure 2. Clue Sheet Used in this Study 

Finally my role as cofounder and president of the Monterey Bay Orienteering Club 
(MBOC) placed me in the position where I gained first hand experience in orienteering map 
making and course setting. It further gave me the opportunity to recruit participants for the 
experiment from the MBOC membership. Pivotal to my role as cofounder and president was the 
acquisition of digital mapping data for Ft. Ord which was produced in 1993 in conjunction with its 
closing. This data, produced at 100ft and 300ft per elevation data point, was crucial in providing 
the necessary high fidelity input for producing an orienteering map and the VE that would later be 
derived from it. 

F. GIS AND RAPID DEVELOPMENT OF VEs 

The rapid development of VEs from existing Geographic Information Systems (GIS) 
databases is key to VEs becoming viable training mediums for the military or those wishing a high 
fidelity computer representation terrain found in the physical world. Rapid development of a model 
should stem from taking existing GIS data, I assume the GIS data is over 90% accurate and at 
the scale needed by the VE builder, with 96 hours or less spent converting, inputting, and refining 
the raw GIS data into the final VE. High fidelity means the ability to model features as small as a 
pit 1 meter deep by 1 meter in diameter, and to be able to place that pit in its appropriate 
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location within the VE. 



This state presumes that there are VE file formats, modeling tools, and when necessary 
conversion utilities for GIS data that taken together give the VE builder the necessary tools to 
methodically create the VE without having to resort to rewriting code within a modeling tool, or 
developing custom import or export filters for porting the GIS data to the VE modeler. And of 
course all data that is ported to the VE maintains its GIS spatial integrity. 

Though several vendors claim that their products are capable of meeting some of the 
above criteria, my experience over the course of 3 months proved that most of those claims were 
without merit. What follows is a brief synopsis of my attempts to port the Ft. Ord GIS data into a 
VE and why I eventually had to settle for an unorthodox solution to the problem. 

The implication is that anyone desiring to create a VE rapidly must depend upon base 
topographic data to already exist as conventional aerial or satellite survey can be both costly and 
untimely. Thus, using existing GIS data from the most popular GIS formats is the most efficient 
first step in creating a high fidelity VE of an actual piece of terrain. 

The data produced as a result of the 1993 Ft. Ord closure was done in both AutoCAD rl 2, 
ESRI’s ArcINFO coverage and ArcView shapefile formats. Since ArcView represented the most 
cost effective solution for creating maps for the MBOC, it was this application that became the 
software of choice for producing orienteering maps. With the exception of the USGS’s DEM 
format and the DOD’s DTED format, the GIS file formats represented by AutoCAD, ArcINFO, and 
ArcView constitute the most prevalent GIS data formats is use today. Many state and local 
government agencies, as well as private civil engineering firms use at least one of these 
applications for GIS. These applications also enjoy widespread use outside of the United States 
as well. 

Recent developments in VRML 2.0 and the announcement by Intel on August 25 
of several new motherboards featuring Advanced Graphics Port technology for the Pentium II 
processor promise to move sophisticated graphics development from the realm of the high priced 
SGI workstation to the modestly priced PC. Additionally, a conversion filter for DEM (USGS 
elevation data) to VRML 2.0 and ESRI’s pending release of a plugin for ArcView that can export 
shapefiles into VRML 2.0 as well as create 3D models directly from the same shapefiles, also 
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bodes well for the widespread distribution of terrain modeling tools and their subsequent support 
and enhancement by the greater software developing community. 



17 



18 



IV. APPROACH 



To determine if prior exposure to a high fidelity non-immersive VE improves navigation in 
the natural environment I had to first define what constituted good navigation. At this point land 
navigation for the dismounted soldier is still a function of training, experience, and the reliance on 
tools such as map, compass, and recently Global Positioning Devices (GPS). In a perfect 
scenario, there wouldn't be a need to rely on these tools to assist you in going from point to point. 
Obviously, this situation is only applicable to navigation over ground that you are already very 
familiar with. 

This represents the ideal, though it is difficult to achieve in real terms when the section of 
terrain in question is large and/or complex, thus posing a significant memorization problem. Also, 
how much time is available to familiarize (to physically walk the ground) has a direct influence on 
one’s ability to assimilate the features of the terrain and create route or survey knowledge. 
However, for the purposes of testing training transfer from a VE, this concept of navigation without 
reference to map or compass, while simultaneously maintaining a disciplined route from point to 
point to preclude chance from factoring into discovering a point, is just the approach I decided 
upon. The argument is restated as a premise: 

Familiarity with an environment produces fewer navigational errors than 
unfamiliarity (in this context deviation from a self prescribed route) and familiarity with an 
environment leads to less dependency on aids such as map and compass. This is 
evidenced by fewer references to both. 

Orienteering through its specialized maps and requirement for fine navigation skills, is a 
good medium for testing natural environment familiarity through a navigation problem. A 
sequential progression from point to point, as done on an orienteering course, facilitates the 
creation and testing of route knowledge. An orienteering map, produced at a very small scale 
would allow almost direct extrapolation of the map to the VE. The map would act as a feature 
template upon which the VE can be built. Not only does this simplify construction of the VE by 
having it follow construction of the map, but it would also insure feature congruence between the 
two abstractions of the environment. Finally, the map would serve as an audit trail by providing 
the medium upon which the participant can plan his route and later have that same participant’s 
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actual route overlaid on the same map. 

Not all natural environments are equally suited for an experiment involving route planning 
and memorization. The same could be said for survey knowledge within the natural environment. 
Environments which lack landmarks, where the flora and topography is generally uniform, 
presents a formidable navigation obstacle without use of map and compass. Such environments 
are best navigated through a method known as “dead reckoning”. Here the navigator determines 
his initial location, plots a magnetic bearing to his destination, and then walks that bearing while 
logging distance traveled by means of a pace count (the method for determining distance walked 
by pacing off 100 meters, remembering that count, and adding 100 meters to your distance 
walked at every interval you walk that pace) . This method requires continual reference to the 
compass and diligent pace counting. It is also the principle mean of navigating at night when 
landmarks are concealed by darkness. 

Ft. Ord’s former training area is dominated by three types of habitat. Perennial 
grasslands cover about one third of the former training area and are characterized by knee high 
grasses and in some places widely scattered oak trees. These areas have excellent visibility and 
pose no real traversing problem. The second type of habitat is the oak forest. A woodland 
dominated by Inland or Coast Live Oak which vary in height from 25 to 45 ft. The former tree will 
often have canopies that reach all the way to the ground. This woodland varies in density and 
amount of undergrowth with some areas easily traversed, while others may be quite thick or 
contain large quantities of poison oak where traversal becomes more difficult. The final habitat is 
maritime chaparral. Chaparral by its abrasive qualities and tendency to grow in dense uniform 
thickets is a considerable obstacle to the walker. Even on the edge of chaparral communities 
where the plants break up their otherwise unbroken thickets, chaparral is best walked around as 
opposed to attempting to fight your way through it. As a consequence of its use as an active duty 
Army installation for much of this century all of the former training area is a lattice work of paths, 
jeep trails, and minor roads. Finally, there are some small wood buildings, concrete tent pads or 
foundations to ruined buildings, and power lines in the former training area. 

Thus, much of Ft. Ord is ideally suited for this test. A mixture of meadow, traversable 
woodland, impassable thickets, occasional building, and latticework of trails allows for the creation 
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of a course rich in landmarks, but also posing many opportunities for parallel error to the 
navigator. Since many of the participants for the experiment are drawn from the MBOC and its 
San Francisco based predecessor, the Bay Area Orienteering Club (BAOC), an was selected 
which had not been used previously for an orienteering event. This precluded participants from 
having a significant prior exposure to the course area and thereby skewing the results of the 
study. Additionally the area chosen should not be either too hilly (turning the navigation problem 
into an athletic test) nor flat (avoiding the featureless landscape referred to above). It also has to 
offer clear reception of the differential GPS (DGPS) signal being broadcast from nearby Toro 
Mountain. 
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V. IMPLEMENTATION 



A. TREATMENTS AND ABILITY CLASSIFICATION 

Three groups comprise the treatments within the study. As a benchmark against which all 
performance is compared, one group would get to walk the actual course immediately prior to 
being tested on that course. During the training phase this “Real World” (RW) group would have 
unlimited access to map and compass as they walk the actual course locating each control and 
marking on their map the route they intend to follow during the immediately following test phase 
where they don't have access to map and compass without penalty. It was expected that this 
group would perform the best as they would experience the test environment in first person as 
opposed to an abstraction. 

The second group, the Control Group (CG), previews the map only. This represents the 
existing method of planning and terrain visualization. A participant in the CG has to plot his route 
based only on map study. Like the other two groups (RW and VE), the plotted route is on the 
same map that the participant would later be able to refer to (under penalty) during the test phase. 

Finally, the VE group would preview the course via a non-immersive VE and map. The 
map was still necessary from the standpoint of plotting the participant’s route through the course. 
Also, the VE as constructed did not have an audit capability with which to either track the 
participants movements through it, or record a path at the participant's discretion. 

15 participants volunteered for the study, all were males between the ages of 28 and 68. 
Participant’s ability was assessed through a questionnaire on previous orienteering experience 
(see Appendix B) and they were then evenly divided among the three treatment groups. The 
ability classification of the participants was as follows: 

1. Three Advanced 

2. Nine Intermediates 

3. Three Beginners 

All advanced participants were from the BAOC and were actively competing in 
orienteering events at the rate of one or more events per month. Additionally, advanced 
participants had competed in more than 24 orienteering or military land navigation exercises in 

their lifetime. This frequency of recent competition, over 24 events participated in to date, and a 
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self assessed advanced ability level led to a participant being classified as advanced. 

Intermediates may not have participated in any more navigation events in their lives then 
beginners, but assessed themselves as intermediates based upon question three. The 
significance of this needs to be clear. By stating that they (intermediates) navigate in a more 
aggressive fashion (see Appendix B, question 3, answer b) it denotes a level of experience, and 
therefore confidence, not shared with beginners who still navigate by the safest route possible 
(see Appendix B, question 3, answer a). Participants who self assessed themselves as advanced 
but lacked the previously noted competitive history and frequency level of advanced participants 
were classified as intermediates. 

Beginners had participated in fewer than 12 orienteering or military land navigation 
exercises in their lives. Beginners also self assessed themselves as beginners based on question 
three. The correlation between fewer then 12 events over a lifetime, and a self assessed 
beginner’s ability level, led to a participant being classified as a beginner. 

B. COURSE AREA AND MAP 

An area immediately to the southwest of the junction of Gigling and Watkin’s Gate road 
was selected for the course. The selected area was bounded by Gigling Road on its north, and 
dirt roads on its remaining three sides. It comprised an area of approximately 1200 x 700 meters 
in size of gently rolling forest, meadow, and thicket. Several buildings, to include ruins and 
concrete foundations, and two sets of single wire power lines added to the feature list. The area 
was crisscrossed with an extensive path and jeep trail network. See course map in Appendix C, 
and an explanation of the map’s legend in Appendix D. 

An initial survey was conducted to determine the area’s suitability to task based upon 
natural and manmade feature distribution. When the area was considered adequate, an 
orienteering course was laid out. The map of this area was produced after approximately 25 hours 
of survey and 25 hours of computer work. A digital aerial photograph (created 1993) produced at 
the one meter per pixel level was used as the template for the survey and subsequent computer 
map production (see Appendix E). 

IOF Map conventions were followed most the time, the exceptions being telephone 

poles/wire, and concrete pads both of which were symbolized in ways not covered by the IOF map 
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handbook. This was necessary because the symbol palette in ArcView does not contain full 
support for all IOF map symbols. The map was produced at a scale of 1:5,000. This very small 
scale was chosen to make it easy for participants to accurately trace their planned route through 
the course. A larger more conventional scale of 1:15,000 would have made such fine route 
tracing impractical. Also, the smaller scale allowed the portrayal of small breaks in the vegetation 
(2 meters or less in width) which would be significant to the participant trying to thread his way 
between thickets of fight. The 1 :5,000 map scale was the appropriate scale for direct translation 
to the VE. 

C. THE COURSE 

The course decided upon was the technical equivalent of an orange course (intermediate 
skill range in sport orienteering). The orange course meant that the controls were located off of 
paths and roads. Controls were placed so that catching features were at times be along the route 
to, or at least in the immediate vicinity of, a control. 

Control placement would provide route choice to the participant. This meant that the 
participant normally perceived at least two principle routes to a given control from his current 
location (normally the preceding control). Route choice was strictly up to the participant. The 
participant was informed prior to beginning his training that there was no bonus for choosing a 
more aggressive route. Rather he chose a route that he was able to stay on without deviation. 
Choices between an indirect yet conservative route where the prospect of route deviation was 
minimized, and an ambitious more direct route which normally meant primarily cross country 
without benefit or roads or trails with which to guide the navigator (handrail) was available at each 
control. An analysis of each control and the probable routes to them can be found in Appendix F. 

I decided to place nine controls on the course for several reasons. One was to provide a 
large enough number of controls so that early errors on the first two or three controls would not 
dominate the overall results of a course run. Experienced and inexperienced navigators alike will 
affirm the importance of being right while searching for the first few controls. Finding the first few 
control in accordance with expectations has the effect of building confidence in the navigators 
analysis and execution of the navigation problem. Conversely, early errors that lead to not finding 
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the first or second control can severely shake the navigators confidence, leading to self doubt, 
and further errors in judgment. 

Also, by having nine controls I had the opportunity to vary the difficulty level of a given 
control so that there was a balance of fairly easy confidence builders and difficult parallel error 
laden controls. Nine controls were the approximate number I could fit into the course area without 
resorting to undesirable backtracking where the participant would be crossing a piece of ground 
already seen when searching for a previous control. And finally nine controls laid out to comprise 
a cumulative course distance of under 3,000 meters was a course capable of being completed 
without running in less than an hour. 

D. THE VE 

Jack Nicklaus Golf 4.0’s Course Designer was the software used to create and later 
preview the course. Some of the limitations inherent with the Course Designer was the “hole” 
convention. This limited modeling of the environment to 640 x 215 yard views, or what would 
normally be considered the maximum length and width of a golf course hole. Within the context 
of the course area previously described this limitation was not significant. Due to the topography 
and vegetation, a participant would never have an unrestricted field of view stretching out more 
than 150 meters. Careful alignment of these holes within the constraints imposed by the terrain, 
control placement, and the likely routes taken by participants meant that the most likely 
approaches into a control could be previewed from within the confines of one 640 x 215 yard 
“hole”. 

Another constraint on the model’s construction was the fact that the program was never 
designed with GIS data import capability. Though the program had been used to model many 
actual golf courses, these models were constructed strictly with the eye of the modeler as the 
measuring tool for ensuring spatial fidelity. By moving the tees around, in the “under construction 
hole”, one could come to some rough measurements as to horizontal distance. Vertical distance 
or elevation is similarly approximated by alternately raising and lowering a section of ground and 
then placing an object of known height such as a tree of building next to the modified ground in 
order to determine it height or depth. This resulted in a very tedious and time consuming approach 
to model construction. 
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As previously indicated the map was created prior to the VE. So the map acted as a 
template for VE construction. This was particularly important in defining boundaries, especially 
those separating rough open ground from forest or other conspicuous demarcation between two 
very different map features. Spatial fidelity was created by first bringing up a view within ArcView 
at a scale that would closely match the size of the hole in JNG as it appeared on the screen. A 
transparent overlay was printed out from ArcView that contained contour lines, vegetation 
distribution, road and trail network, and other manmade objects. This overlay was spatially 
accurate. The overlay was then taped onto the screen and the hole from JNG would then be 
positioned so that the boundaries of the hole lined up with the boundaries of the overlay. Then 
contour lines, vegetation, and other objects were all traced and filled in on the hole underneath the 
template. The total time spent to construct a hole was between 20 and 30 hours. This variance 
was due primarily to the amount of elevation that had to be modeled on a particular hole. The 
more relief that had to be created the greater the amount of time spent, as rendering elevation 
changes with the modeler was an extremely slow process. 

The application of vegetation was a mixed blessing. The Course designer contained a 
rich palette of trees and bushes, which though they did not match the Ft. Ord flora exactly, 
provided an adequate facsimile of Ord’s vegetation. Although, all flora had to be placed into the 
hole on a plant by plant basis, there was no defining an area with a given plant type and then 
allowing the computer to randomly or uniformly distribute the plants over that area. The resulting 
method involved hundreds of mouse clicks as trees and bushes had to be individually placed into 
the environment. 

The Hawthorne T ree from the Course Designer palette closely approximated the look of a 
Live Oak. This became the tree of choice for woodland representation within the VE. I attempted 
to replicate the height of tree groves in the test area to reflect the differing characteristics of tree 
groves throughout the course. Oak trees on more exposed ground have a tendency to be shorter 
(25 ft) with canopies that stretch all the way to the ground. On the other hand, their counterparts 
on ground sheltered from the prevailing west wind, may grow to a height of 45 ft with lower limbs 
well above the forest floor allowing for running through them. 
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Other minor flora, such as undergrowth, young bush-like oak trees, and chaparral were 
simulated with objects from the shrub palette. Density levels of vegetation were approximated so 
that they appeared to correlate with the vegetation classifications on the map, which again, were 
meant to portray a participants ability to run through a given section of vegetation, and not his 
ability to see through it. 

Road and trail application was easier. A simple tracing of the outline and its selection as 
“rough”, “topsoil”, “sand”, or “cart path”, and the path was given its appropriate representation in 
the VE. Buildings were restricted to one type modeled in the course designer, a latrine, which 
could be varied in size. Telephone wire poles were approximated by enlarged saguaro cacti. Wire 
was not capable of being strung between these cacti, but this was not a detraction from 
participants correlating the cacti with poles on the map and considering the cacti as poles. All 
objects in this environment were billboards and not true 3D. That is, they had the same 
appearance regardless of direction they were approached from. Plates provided to the VE 
participants (during their training phase) with representative correlation’s between the actual and 
virtual environments can be found in Appendix G. 

E. DATA CAPTURE 

Capture of the participant’s planned route was easily accomplished by providing each 
participant with their own laminated map upon which they directly drew on their chosen route 
through the course. During the Inbrief, the participant was given an outline of his objectives (see 
Appendix H) and the parameters which he would have to adhere to in marking his map and doing 
the course (see Appendix I). RW Group participants drew on their planned route as they walked 
the actual course during their training phase. The CG and VE Groups drew their planned routes 
onto the map while they respectively planned with map and mapA/E. 

Data capture of the participant’s actual track through the course was accomplished by 

three means. The principle capture system was a backpack worn by the participant that 

contained a DGPS with 5 meter positional accuracy coupled with an Apple Message Pad 130 (see 

Figure 3). The 130 served as a capture platform for the transmitted DGPS coordinates. The 130 

was programmed to accept a coordinate when 5 meters or more away from the previously plotted 

coordinate. This kept the output clean by eliminating redundant positional plots from the 
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participant not moving. For this study it was not of much concern with how long a participant 
stood in one sport, but rather the path they took from one point to another. DGPS coordinates 
were transmitted to the 130 every two seconds, insuring that there was going be a plot every five 
meters. The 130 also served as a recording platform for a participant’s map and/or compass 
checks. Participants were told that each request to look at the map and/or compass during the 
test phase would restrict them to discrete 30 second chunks. This did not mean that participants 
could only see the map and/or compass for 30 seconds before it was taken away from them, 
rather for every interval of 30 seconds that the participant had the requested object in his hand, an 
entry was made into the 130 correlating a DGPS reading with the possession of said object. 




Figure 3. DGPS Backpack and Message Pad 130 

The second means of data capture during the testing phase was with the HelmetCAM. 

The HelmetCAM was a Hi8 camcorder bolted to the top of a standard US Army Kevlar Helmet. A 
parachutists shock pad served as a vibration dampener between the helmet and the camcorder. 
A sighting apparatus was fashioned to the camera so that the boundaries of the camcorders view 
field could be determined by the camera operator who was not be able to look through the 
cameras viewfinder. The camera was sighted to capture the participant while the camera 
operator stood at a distance of about 2 meters from the participant. The focus level was set on 
infinity to be able to capture distance and panorama shots. The principle purpose of the 
HelmetCAM was to record instances of map/compass check thereby validating the 130 entries, 
and to provide data for behavioral analysis, see figure 4. 

The final means of data capture was by manually recording route traveled and instances 
of map/compass check on the participants map in the event of DGPS failure. My intimate 

knowledge of the test area, due to my direct experience in creating the orienteering map for the 
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area, would allow me to reliably record the participants route manually within most of the test area 
in the event of DGPS failure. 




Figure 4. HelmetCAM 
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VI. METHODS 



A. PROTOCOLS 

Participants from all three groups were directed to meet at my office at IMPS. Participants 
had been advised that they would be doing the equivalent of an orange level orienteering course 
and that they should dress appropriately. It was further specified that the course length would be 
under three kilometers, and that provided that they made few mistakes, running would not be 
necessary to complete the course. Participants were not informed as to the location of the course 
until their Inbrief, which immediately preceded the training and testing phases of the experiment. 

Soon after arriving, participants were verbally informed as to the task that lay before them 
and the constraints they would operate under in the performance of that task. They were also 
informed as to what treatment they would be part of. They were provided the same information in 
writing via the Participant Task List (see Appendix H), Important Information on Marking Your 
Map (see Appendix I), and About the Orienteering Map (see Appendix D). Participants also filled 
out the Orienteering Ability Questionnaire (see Appendix B), again in order to have a written copy 
for archival. Participants had previously filled out an email version of the same questionnaire 
which had allowed me to classify them into ability and treatment groups (while ensuring 
proportional representation of ability within each treatment, participant’s orienteering ability was 
assessed and they were randomly assigned a treatment group prior to the beginning of the 
experiment). Participants also filled out a consent form (see Appendix J) prior to the beginning of 
the experiment. 

Once these formalities were accomplished, participants began the task appropriate for 
their treatment. In addition to the map, which was common to all three treatments, a clue sheet 
was given to all participants (see Figure 2). Participants were informed as to the function of the 
clue sheet (if they did not already understand it) and told that unlike the map and compass, they 
would be allowed to keep the clue sheet for the duration of the experiment. In addition to its 
normal function within orienteering, the clue sheet in this context would serve as a reminder as to 
the type of feature located at each control. The exception to this was control three which had no 
clue and would be the focus of a test of survey knowledge. 
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The CG participants were placed in a room where they could not be interrupted and given 
one hour to plan their route through the course, mark it on the map, and commit it to memory. At 
the end of the hour, or earlier if a participant decided he needed less time, the map and compass 
was taken away from the participant and he was immediately driven out to the course area. 

VE participants were given the same map with similar instructions. However, they were to 
plan their route with the aid of the VE. Prior to being given the map and official time started, VE 
participants were allowed to familiarize themselves with the navigation techniques and convention 
of the VE by practicing them on one of the golf courses which came with JNG. This allowed them 
to become familiar with the mechanics of movement through the VE and thereby reduce the 
added workload inherent in using this additional tool. At the end of the hour, the map and 
compass were taken from the participant and he was immediately driven out to the course area. 

After the initial Inbrief and formalities, a RW participant was immediately driven out to the 
course area. As with all participants, he was blindfolded for the final drive into the course area to 
preclude him from surveying a portion of the course prior to beginning official time. Once at the 
start point for the course the RW participant was given the DGPS to wear (to allow for a 
comparison between routes taken on training and testing phases) and given one hour to preview 
the course. The participant was escorted for the duration of the preview. In the event time expired 
while the participant was still out in the course area, he was then escorted out of the course area 
via a route that would not assist him in gathering anymore helpful information about the course, 
and taken back to the start point. During this training phase, the RW participant was also 
expected to have marked his planned route on the map. 

At this point, the treatment for all three groups is identical with the exception of the debrief 
questionnaire, which was more extensive for the VE group. For the testing phase, a participant 
would wear the DGPS and position himself at the start point. Prior to beginning the course all 
participants were tested on survey knowledge by asking them to imagine they were standing at 
control three and to shoot azimuths to the finish, control six, and control eight. These answers 
were recorded on the back of their map. Once this task was complete, the map and compass 
were given to the participant, they were told they were at the start point for the course, and they 
were allowed one minute orientation period. It was expected that during this time they would orient 
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the map and confirm their location at the marked start, as well as get a little time to reconcile the 
map with his surroundings. 

Once the minute was over, the map and compass were taken back from the participant 
and he was asked if he had any questions. There were no questions asked. The HelmetCAM 
was turned on, the DGPS activated, and official time was begun. A small chime emanated from 
the 130 every time a data point was logged. This feedback helped to determine if the DGPS was 
working. If it failed, official time was suspended followed by an attempt to re-establish its 
reception, and if failing that, manually recording the participant’s route through the course became 
necessary. 

Verbal interaction with the participant was minimal. When he arrived at a control he 
would be informed what control number it was. If he strayed outside of the boundaries of the 
course he was informed that he was out of bounds. He was also given periodic time hacks 
informing him how much time he had remaining in the hour. 

Participants progressed from control to control in sequence. On a few occasions 
participants accidentally found a control out of sequence. They were reminded that finding this 
control out of sequence did not count and that they would have to return to this same control in the 
proper sequence later in the course. Instances of map and/or compass checks were logged into 
the 130 where they occurred. 

The test phase concluded when the participant found the “finish control” or the allotted 
hour expired. At that point, a direct route was taken back to the start point and we immediately 
returned to NPS for debrief. Commute time to and from NPS was approximately 10 minutes each 
way. 

While the data was downloaded trom the 130, the participant filled out a debrief 
questionnaire (see Appendix K). VE participants filled out an additional questionnaire (see 
Appendix L). Once the DGPS data had been overlaid on the aerial photo within the computer, 
the participant was debriefed on their course run. Unless the participant did something unusual, 
the focus of the debrief was on deviations from planned route and frequency and location of map 
and/or compass checks. The entire debrief was recorded on a micro cassette. A complete list of 
the equipment used in this study can be found in Appendix M. 
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B. MEASURING WIDELY VARYING PERFORMANCE 



As previously alluded to, performance measurement would be a function of three items. 

In order for a participant to be awarded a perfect result, he would have to perform to the following 
standards during the test phase: 

1 . Find all nine controls in sequence within one hour or less. 

2. Stay on his marked route within the route tolerances outlined in the Inbrief 

3. Perform items one and two without need of map or compass. 

With this as the benchmark for perfect performance, measuring that performance was 
accomplished by direct observation and through using the tools previously described in the 
Implementation Chapter. However, it became apparent that in the case of a participant not 
finishing the course, a numerical penalty proportional to what the participant did not succeed in 
finding, and taking into consideration the relative performance of other participants, would have to 
be developed. Otherwise much statistical comparison across the duration of the course was not 
possible. 

In developing the penalty scheme, it was decided to insure that the penalties that a 
participant received for failing to find a control(s) by running out of time (I called this a default 
error) was not in excess of those penalties that the participant had acquired while actively looking 
for controls while still within the allotted hour (I called these active errors). This scheme was 
meant to be on the conservative side, by not speculating that the participant would do much worse 
than the average of the worst performing treatment group for that control on which he would be 
awe-ded default error. On the other hand, the failure to find a control could not be ignored, and 
the penalty should be at least in part, quantifiable by what the participant had planned to do but 
failed to accomplish. With this in mind, the following scheme was developed with default errors to 
account for when a participant had failed to finish the course for lack of time: 

1 . Control on which the participant was on, but failed to find before 

time expired 

a) Default Map and Map/Compass Checks 

1 . Use only those map and map/compass checks that the participant 
actually made. 

2. Do not assign any more to the participant as a consequence of their 
default. 
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The rationale here was that it is difficult to speculate on when and where a 
participant will ask to see the map and/or compass. This fact, in conjunction with the possibility 
that the participant could well be on their route and know exactly where they are going (the errors 
that put them in this predicament are from previous controls), makes assigning additional map 
and compass check penalties harsher then what is needed to at least put this participants 
performance on this control into relation with other participants (this is accomplished with the 
distance off route measure). 

On the other hand, the participant could see time expire while still looking for this 
control which they have committed the bulk of their map and compass checks errors on (they are 
lost). In this situation additional penalty map and compass checks will not be needed for 
statistical impact, as the participant has likely already done that actively. 

b) Default Distance Off Route 

When time expired, the participant was either on or off their planned route. In the 
former case the Default Distance Off Route penalty will be simply measuring the rest of their 
planned route into the control which they did not actually walk and assigning that as their distance 
off route. In the later case, the participant is already off their route. Depending on whether that 
person was on road or off road when time expired dictated the path that was drawn to link their 
ending location with their original planned route. Normally, this was the most direct route from 
their ending location to put them back on their original route. The cumulative distance of the 
inferred route and their remaining planned route became the distance off route penalty for that 
control. 



c) Default Error 

An error under normal conditions (actively committed), is nothing more than a 

deviation from the planned route. Data analysis revealed that their were no instances where a 

participant deviated from their route, returned to it, and stayed on it a while, and then deviated 

once more. Once a participant deviated from their original route, they did not ever return to it and 

deviate once more. Thus, there are only instances of one recorded error per control. So if a 
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person had deviated from their route and then time expired they were assigned the one error as 
they would have been otherwise. If the participant had not deviated from their route, they were 
still assigned an error since they had failed to complete their planned route before time expired. 

2. Controls that the participant was not allowed to attempt because 

time had expired 

a) Default Map and Map/Compass Checks 

In this instance, the participant is not allowed to proceed onto this control(s) since 
time expired. In order to insure that this participant’s group was not rewarded for his failure to 
make it to this control (s) map/compass checks were assigned that were equal to the average of 
the treatment group(s) with the highest average map and map/compass checks. If this average 
was not a whole number, then it was rounded up to the nearest whole number and that number 
was assigned to the participant. As an example: If participant A had failed to get to controls eight 
and nine for lack of time then the highest treatment group(s) averages for map and map/compass 
checks for those controls (lets say for control eight; .6 map checks, 0 map/compass checks and 
control nine; 1 .3 map checks, .4 map/compass checks). After rounding, the numbers assigned to 
this participant would be 1 and 0 for control eight’s checks, and 2 and 1 for control nine’s checks. 

b) Default Distance Off Route 

This was fairly straightforward as the participant had never even begun this 
control(s). Their planned route for the missed control was carefully measured, and since they had 
failed to walk any of it, they had obviously been off route here. Their planned route distance was 
assigned as their distance off route. 

c) Default Error 

This also was a straightforward assignment. Since this was also a deviation (the 
participant had not even begun to walk his planned route for this control) and all other observed 
deviations had amounted to one per control, it was easy to justify assigning the participant an 
error for his failure to reach this control. 
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Summary 



The validity of the preceding penalizing method for participants that fail to find and/or 
begin to look for controls is bore out by the numbers contained in the raw data for Checks (see 



Table 1) and Total Distance Off Route (see Table 2). 
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Table 2. Controls Found vs. Active and Default Distance Off Route 
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VII. RESULTS 



The results described here are a two-way MANOVA of ability and study group on 
individual dependent variables. The graphs in this section indicate the CG as Control, and the 
RW and VE groups as they have been previously labeled. Error bars indicate the standard 
deviation for each group. Successful training transfer is best illustrated by superior performance in 
the testing phase of the experiment. The three training conditions are compared across multiple 
factors to determine if the VE condition was effective as compared to the alternative training 
methods. 



A. TOTAL CHECKS 



Study group had little effect on Total Checks (P=.7928, F=.241, df=2). The relationship 
between ability and Total Checks (P=.1836, F=2.278, df=2) is unclear (see Figure 5). 

Interaction Bar Chart 

Effect: Ability 

Dependent: Total Checks 

Vith Standard Deviation error bars. 




Figure 5. Ability Group and Total Checks (Active and Default) 
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However, there was an interaction between study group and ability on Total Checks 
(P=.0363, F=5.270, df=4, see Figure 6). Increased confidence for the RW, through training in the 
actual environment, leads to fewer map checks. As expected the CG seems the least confident. 
What is interesting though is the proximity of the VE to the RW group within the larger sample size 
of the intermediate ability group. 



Interaction Bar Chart 
Effect: Study Group * Ability 
Dependent: Total Checks 
Vith Standard Deviation error bars. 
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Figure 6. Total Map/Compass Checks over Entire Course 



B. TOTAL DISTANCE OFF ROUTE 



Similarly, the results for study group and Total Distance Off Route shows little effect 
(P=.9994, F=.001 , df=2). However, this time there is a pronounced effect for Ability on Total 
Distance Off Route (P=.0073, F=1 2.450, df=2, see Figure 7). 
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Interaction Bar Chart 
Effect: Ability 

Dependent: Total Distance Off-Route 
Vith Standard Deviation error bars. 




Figure 7. Total Distance Off Route by Ability Group 



As in Total Checks, there is a pronounced interaction between ability and study group on 
Total Distance Off Route (P=.0285, F=5.874, df=2, see Figure 8). 



Interaction Bar Chart 
Effect: Study Group * Ability 
Dependent: Total Distance Off-Route 
Vith Standard Deviation error bars. 
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Figure 8. Total Distance Off Route Over Entire Course by Study and Ability Groups 



There was no unusual behavior regarding the number of checks a participant made in 
relation to the distance they were off their route. As one would expect, the farther a participant 
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perceived he was off his route, the more likely he was going to make a check (P=.0001 , 
F=70.033, df=1, see Figure 9). 



Regression Plot 

Dependent: Total Distance Off-Route 




Figure 9. Number of Checks as Related to Distance Off Route 



Preliminary indications are that the real world condition may exhibit high performance 
across ability levels through most of the testing phase (see Figure 10). But performance may 
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VE Group 
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Control 

Figure 10. Treatment Group Distance Off Route by Control 
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drop off dramatically over time because these participants may have had more difficulties during 
the training phase in covering the entire course. The tendency of the more skilled participant to 
catch his error earlier is confirmed (P=.0854, F=3.812, df=2) by the Total Distance Off Route 
divided by the number of instances of deviation off that route (see Figure 1 1 ). Advanced 
participants caught their errors faster then all other ability groups and corrected them resulting in 
less deviation off of planned route. Beginners were the slowest to catch and correct their route 
deviations. 

Interaction Bar Chart 
Effect: Ability 

Dependent: Total Distance/Total Errors 
Yith Standard Deviation error bars. 




Figure 11. Ability's Influence on Error Detection and Correction 
C. TOTAL ERRORS 

Study group’s effect on Total Errors, which again were a measurement of discrete 
instances of deviation from planned route, was not significant (P=.8508, F= .166, df=2). There 
was a weak effect for ability on Total Errors (P=.2019, F=2.1 14, df=2) and a modest interaction 
between ability and study group on Total Errors (P=.1421, F=2.6, df=4, see Figure 12). 
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Interaction Bar Chart 
Effect: Study Group * Ability 
Dependent: Total Errors 
Vith Standard Deviation error bars. 
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Figure 12. Total Errors and Interaction between Ability and Study Groups 



D. CONFIDENCE 



Confidence may be inferred by an examination of Planned Routes and their relative 
difficulty. Under most circumstances the most direct route to a control was the most aggressive. 
There was little effect between ability and aggressiveness of Planned Route (P=0.9241 , F=0.080, 
df=2, see Figure 13). 
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Interaction Bar Chart 
Effect: Ability 

Dependent: Avg Planned Route 
Vith Standard Deviation error bars. 




Ability 



Figure 13. Aggressiveness of Planned Route by Ability Group 



Training condition modestly effected Planned Route was by (P=0.136 F=2.834, df=2, see 
Figure 14) and showed that the real world participants felt more confident than others and 
consequently planned more aggressive routes. 

Interaction Bar Chart 
Effect: Study Group 
Dependent: Avg Planned Route 
Vith Standard Deviation error bars. 
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Figure 14. Aggressiveness of Planned Route by Study Group 



On the other hand over confidence created by having seen and planned most of the 
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course at a manageable pace with direct aggressive routes, leads to an overly aggressive route 
being selected for a control(s) when there is not enough time to familiarize oneself with the 
route(s) to the same degree that was done earlier in the course. So for those participants who 
hastily completed the end of the course during training in the real world condition, the latter part of 
the testing phase was even more difficult than the map only treatment group who would have 
carefully planned a more conservative route consistent with earlier routes (see Figure 15 for 
aggressiveness of route and Figure 10 for distance off route). 




RW Group 



Control Group 



VE Group 



Anecdotal comments by participants while doing the course and in the later debrief show 
route choice is a complex function of confidence, experience, and perceived difficulty. Its 
influence on performance is not clear here, with participant comments shedding some light (see 
Discussion), but it is an area that requires further study. 
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VIII. DISCUSSION 



The fact that ability level had a greater effect on performance than training method is no 
surprise. Previous studies by the Army Research Institute have documented this fact. The criteria 
used to qualify an advanced participant effectively restricts this classification to people who for 
sake of their highly specialized skills, experience, and recent continual practice could be 
considered “professionals”. These criteria restrict the advanced ability group to a very small 
subset within the set of people who can use map and compass to navigate. This includes all 
military personnel who though they may have received extensive training and later practice, are 
not trained to do the type of fine detailed map reading and precise navigation required in this 
study. 

This is not alarming as it is assumed that the target audience for this work (even highly 
trained special operations personnel) would be considered intermediates and beginners by this 
classification scheme. However, it facilitated comparison to have a high bench mark to show what 
was possible among a group of highly trained and experienced people. The ability of participant 
four to have navigated the course with such skill after studying the map for less than an hour was 
amazing. This skill, it was later found out through conversation with another member of 
participant four’s Orienteering Club, is regarded as exceptional within his club. The ability to take 
a two dimensional representation, identify the relevant cues in which to plan a precise route, and 
then walk that route within the previously described tolerances while having to make only one map 
check and only one error over 2,000 meters is extraordinary. No other participant in the Control 
Group approached this performance, and with one exception, the same could be said for the well 
trained Real World Group. This skill level represents an unusual ability and not likely a skill level 
that could be duplicated with training (since equally well trained and experienced participants from 
that participant’s Orienteering Club do not match this his map assimilation skill). 

Advanced participants make fewer errors and are better able to recover from them once 
made. This is likely due to their ability to use redundancy in navigational cues. While beginners 
might use one cue to distinguish a route change point, an expert will likely have a hierarchy of 
cues with which he checks at every route change point. There will be the primary cue that 
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confirms vicinity, closely followed by supporting cues that confirm that the primary cue truly 
indicates that this is the desired point. This redundancy allows for greater error checking and by 
continual checking while on the new route, quick identification of errors are made once they occur. 
This reduces the most common error, the parallel error, which beginners are apt to make 
repeatedly. 

The course was set such that there were numerous opportunities to make parallel errors. 
As expected, many of the errors observed were of this type. It is not clear whether or not the VE 
helped prevent this type of error. It is suspected that that this VE was of marginal utility in 
preventing parallel errors. In part this is due to the “hole” view aspect limitation of the VE, which 
precluded seamless and rapid reorientation to many viewpoints surrounding the likely parallel 
errors on a given control, and the fact that most intermediate participants were not sophisticated 
enough to consciously plan routes to avoid making a parallel error. 

The VE clearly precluded misinterpretation of map symbols. This was determined in the 
debrief and is most evident on control four (see participant’s 3 and 12’s maps in Appendix N). 
Since the VE portrays the terrain in three dimensions, no VE participant made the same error 
made by at least two Control Group participants. This error was a misreading of the contour lines 
(the depression containing control 4 was read as a hilltop). It could be argued that this depression 
is poorly represented by lack of prominent tick marks on the lowest contour line. However, this 
error was not made by the advanced or the beginner participants. This underscores the fact that 
maps by their higher level of abstraction and reliance on symbols, are much easier to misinterpret 
than a three dimensional representation, especially when there is a time constraint, and the work 
load is non-trivial. 

The RW condition did not do as well as anticipated. I suspect this to be a function of two 

things: 

1 . That by having to walk the course and plan for the subsequent test, time compression 
occurred on the last two controls. As previously mentioned this led to planning 
judgment errors where an overly aggressive route was planned in context with the 
amount of time remaining to commit that route to memory. 

2. By having to actually “Orienteer” the course during the training phase (given the map 
immediately preceding the start of that phase) less experienced participants may not 
have taken the time to carefully study the map and choose a deliberate, carefully 
executed route in context with the unique information provided on the orienteering 
map. 
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This last condition was most manifest on participant one. Who though a beginner in 
orienteering, choose aggressive advanced level initial routes. This was due is in large measure to 
his preferred technique of using map and compass for dead reckoning routes to large easily 
identifiable features while hiking in the mountains. As previously discussed, this method is 
suitable for covering great distances where route precision and knowing exactly where you are at 
all the time is not required. However, when this method is employed against small features (like a 
1x1 meter pit) on an unfamiliar finely detailed map, it is easy to walk right by the feature you are 
looking for or repeatedly misjudge distance. This is exactly what happened to participant one who 
never was able to find control 2. His usual method of moving around more in the hope of 
bumping into the control (feature) did not work. 

Participant one also illustrates the connection between early failure in navigation, its 
influence on confidence, and in turn probability of later success. By failing to find control two within 
the first 15 minutes, participant one’s confidence was shaken. Continued failure resulted in 
diminishing confidence where he began to question his analysis and ability to visualize the terrain. 
He was quite experienced in non-orienteering form of navigation described in the last paragraph, 
but early failure made him question his fundamental abilities in the test’s context. His inability to 
recover from the early error and attempt a new method or gather a new appreciation for the map, 
was in many ways related to his diminishing confidence. 

This is not an unusual phenomena, even advanced orienteers expect to go through an 
initial familiarization phase in which the information provided by the map is “fit” by direct 
experience to the actual environment. Early success creates confidence, which in turn positively 
influences the chance for future success. Conversely, early and protracted failure, can diminish 
confidence and lead to doubting map, and/or abilities in this new environment. Perhaps the VE by 
giving a 3D representation, used in conjunction with a map for training, can help reduce the 
learning curve in that initial map/environment correlation phase. Thus reducing the chance of 
early error and as important, increasing confidence before going into an unfamiliar environment 
where the fear of getting lost (especially upon first entering the environment) is very real for all 
ability levels. 
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The utilization of a VE with a map used to familiarize a navigator prior to going into the 
actual environment may actually improve performance since they require the development of a 
method or discipline in planning. In the case of the Real World Group, their opportunity to 
experience the environment directly while planning could foster a “I’ll run there and see what I see 
enroute” plan which could be very inefficient and lead to many time wasting errors. As already 
indicated, their early success with aggressive direct routes later shaped their route choice for the 
final control, which for many of them due to a lack of time, was not experienced in the training 
phase to the same extant as earlier controls. 

Habit is another potential vice that could be recognized and consciously accepted or 
rejected through training in a VE. One participant, a helicopter pilot, chose many direct routes in 
spite of the fact that he was part of the Control Group. What had worked for him as a pilot, where 
point to point navigation without much regard for minor ground features is normal, would not work 
on this course. Direct azimuths with pace, as participant one, and perhaps one or two features 
along the way for route confirmation, was not successful in a test such as this where an 
abundance of opportunities for parallel error would play havoc with anyone who did not foresee 
potential errors and sought to eliminate them through using multiple features for route 
confirmation. The VE could be provided with an intelligent tutor, which could appraise the 
environment within the context of what the user sought to do, and suggest various courses of 
action by displaying them and spotlighting the cues and those that have the potential to be 
mistaken for the correct cue. 
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IX. CONCLUSIONS 



A sport orienteering study was presented that investigates the utility of VEs as a training 
tool for natural environment familiarization beyond what is possible with a map alone. In 
conclusion: 

1 . Ability level is more important to navigation performance than training method. 

2. Intermediate users benefit more from the VE training method than either advanced or 
beginner users. 

3. The VE allows for time compression in training, allowing more area to be traversed in 
a shorter amount of time than would be possible in physical reality. 

It’s believed that the VE allows intermediate users to develop more redundancy in the 
cues they use while navigating. Anecdotally, this was confirmed by some intermediate participants 
who remembered using the small grove of large oak trees immediately beyond control 4 as their 
reference point for finding that control. Their less developed ability to visualize the terrain directly 
from a map is where the VE has its greatest impact in making vivid what otherwise might be 
overlooked or even omitted on a map. 

Advanced orienteers have such highly developed abilities in terrain visualization from 
maps that the VE does not seem to offer them much that they do not already possess. However, 
the increased workload on such a participant by having to navigate through a VE and refer back to 
a much more familiar map, may impair their performance. The one advanced participant, who did 
the VE, remarked that is was helpful for visualizing the control within the context of its immediate 
surroundings, but not very helpful beyond that. Orienteering maps are very precise and allow 
experts to navigate by many cues simultaneously. 

A. FUTURE WORK 

This study was not designed to answer all questions about the utility of VEs to navigation 
training in the natural environment. Having established that their is some utility to the properly 
scaled and configured natural environment VE, future work should look at how VEs can be 
optimized for training navigation and creating user familiarity, and where certain cases demand it, 
an almost complete user knowledge of the represented environment. This experiment should be 
extended by adding new conditions altering the fidelity of the interface as well as the environment 
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itself. Also method of information presentation such as sequence, toggling features on and off, a 
built in compass that presents the user with the bearing where his view is currently directed, a 
measuring tool and virtual pedometer for facilitating distance to and traveled while in the VE are 
some of the technical improvements that could be made to improve training transfer. 

The objective is to determine if the use of VEs is a practical augmentation to conventional 
map study techniques used by today’s military. These early results encourage further investigation 
of VEs for navigation training towards the the development of usable systems that can be 
deployed in a variety of settings and application areas. 
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APPENDIX A. 

INTERNATIONAL SPECIFICATIONS FOR ORIENTEERING MAPS 



607 Out-of-bounds aea 

fin oul-ol- bounds area, seeaKo synbol 32 9, Isdraun uJti verioal stipes. 
Cdour: purple. 

608 Dsngeroua sea 

An area preset mg danger lo a compeitor 
Cdour: purpe. 

609 Forbidden rout 

A route which Is cut-d-bounds. 

Cdour: purple. 

610 Flrstdd post 

The looalon ola Irslald pdnl 
Cdour: purple. 

611 Retesrtn entpolnt 

THe looalon ol a reteshmenl pdnl which Is nolala contd. 

Cdour: purple. 
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1 INTRODUCTION 

onenleenng is now a wortduJde sport Acommon approach to Ihe nterpretotton and drauti* 
orienieeriigmapslsesseniai tor toirccmpeiiai and lor tieiuureeipansion ol tie sport ms 
am ol tie Mernaionei Spedicaton tor Orienieenng r^ps to pr oxide amapspedicalon uutoicn 
acccmmodatotie ulderyvaryngsttiaiais n diterenlcainines. These spedioailons should be r 
n conjunction whh tie basic mies tor crtonleerlng competitions. Devlalons are penn issable oily 
tiesandon ol tie n atonal map comm ittoe. For niernalaiaf events and WOiid Cup races s 
sanclai musl be gven bytie IDFattor cdisuilalton uJti tie DFMsp Committee. Thereisasepa 
spedlcalon lor sM-ortonleerlng maps. 
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2 GENERAL REQUIR BRENTS 



2.1 Orienteering and the map 

crientoenngK asporlin utilcn tierunnerccmptotosaocurseolcditoipdntsln tie sh crtoslposi 
ime, aided only by map and compass. As in all forms ol sport II Is necessary to ensure tial 
ccn dlons ol oompelillon are ihe same tor all com peincrs. The m ere accurate ti e map ihe belter 
oan be den e, and ti e greater ti e opperto nit/ lor tie course plan ner tosel a good and fair court 



Ron tie ccmpeltors* pohlol vlem adelailedand togbto mapls a relade guide tordidoeolrc 
anditenattes him lonavigaleaiongaroule chosen as sullnghisnaMgatoial sMI an drunnngab 
However, sMll n route choloe loses all meaningil tie map Is nola tue pctoreoltie ground * n 
inaccurate, oul-o 1-dale or ol poor legality 

An ytiing which barsprogess is essen lai ntomiatton- dills, water, dense tilcKet The poti and 1 
networ*. shows where ti e gdng an d n aMgaicn is easiest Adetoleddasshlcaidi ol tie degee 
hln dance or good gdng heps tie ccmpeiior tomafce tie ngilctodstons. Orienteerlngls irslol; 
navlgatebym ap readn g An accu rale mapls ti ereloren ecessarytora good an d ettedveroule chc 
Noccmpelhcr should gain an advantage or suitor a disadvantage because ol faults on Ihe map 

The aim ol tie course planner is a course where tie (tedding lactor in Ihe results wll benavlgal 
sMll This oan be achieved onlyll tie mapls sutideniyaccu rate, ccmpletoand reliable, and K 
dear an d legbto u nder compelion condllon s.ThebeHertiemaptieocurse plann er h as. ti e ge 
tie chan cell eh as olsetlnggoog tolr courses, whetier tor tie elto cr tor tie novice. 

Greaidetall on ti em ap otters Ihe plan ner many tea tires tor conlroK, an dhen ce en ableshim toch c 
good legs, varyconlrol sites and cnecfc tial tie oontds are correctly placed di tie map. 

Contds are tie mosl tnpcrtanlbulldng blocks ol aoourse. Choice olsitos, pactigolthe mart 
checking ti dr posiion s. and locaing contoK in oom peiion, al pu Ideinnedem ands ai ti e map 
map musl give a con pete, accurate and detailed peto re ol ti e terrain. For an htornaflonal e\« 
muslbeup-to-datoinal parts uhleh could attect tieendresullol tie am pellai. miisnolup-to-* 
ilmusl be improved. 
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APPENDIX A. 

INTERNATIONAL SPECIFICATIONS FOR ORIENTEERING MAPS 



ion urea 



Q* 



lhli> El A. Pi 




mini 

$5 o.h ftS 



528 Setnem ent 

houses and gardens andolier txi II up areas. Roods, buildings and otier 
slgimcam teaures ultih asetlemenl muslbe shown. nailbulWings oannol 
be shown an allemelvesyiibol placMlne screen 33 *> 25 lfcm)maybeused. 
Odour: green and vdloui 1 00 ^ 

529 Perm aientl y out of bounds 

Areas unidi are perm anenltytorbldderi lotie mnner are shown as oulol 
bounds. Thescreen Is su pertn posed on lienormal mapdelall. Aboundhg 
line maybe dra un II mere Is no natj ral boundary 
Odour: bio a or purple. 
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530 Parting area 

Apaived, asphan a ofier surfaced area tor pacing or otier purposes. 
Odour: dec* and brown 50 - ioo*> (40 lines tan). 



rtndule h el gn accuracy is ol mie slgilloance on an orlenleerng map On tie otier hand 
Imporfanl tiallie map shows as ooirecltyas possible Herefaivehelghl dtlerence belween ne 
bourlng teaures. 

Axu rale represenlalon olsh ape K ol geallm ponance tor ti eru nner, beoau se a correct detailed 
scmelmeseaaggerartedplctjreollielandlcrm Is an essenlalprecondlonlcrmapreadhg Howe 
tie hdu slon ol a tot ol small delall musl nol dsgi Ise tie overal shapes. Dra uin g accuracyK dprtm 
imporfance to anymap user because Ills doselyoonneded uiti tie rellablllyol tie Inal map 

At a general rule, ties espedllca ion ssh onto be flowed dosdy However, uiien drawn gasurve 
teaure.conslderalcn muslbe gven to Its Immediate surroundngs, andln order lolmpr owe egt 
dedatons irom tie spedled me uJdtis can be tolerated- seeseclon 32 

2.4 Generalisation and I eg bilily 



531 Rdn 

The gioun d plan ol a ruin is shouun to scale, cto wn to ti e min hi urn size sho un 
3 n - ijj o.i T 3 cpposile. verysmal ruhs maybe dawn with asdldlne. 
n * ,n * Odour: blacfc. 

532 Sports tract 

The plan ol a sports tac*. Is sh own to scale uJti yellow su perim posed. 
Odour: blacA will \eliow and jot brown. 

533 Firing raige 

Atm grange is sho un wlti a special syn bolloindcate tie need lor caulton. 
0 55 Atsodaied buiidngs are indWdualym ar &ed 
Odour: blacfc. 




534 Graue 

Adslnctgrarve marked by a stone or shrine. Looalon Is al tie oenlre ol 
jo. ga\flyollhe synbd, which Is crienfaledioncrti. Aoemeiefy Is shown by 

a$ 0,175 using gafvesynbds as space perm IK. 

Odour: biacfc. 



535 a ossable pipe! Ine 

5 x 0 - 5 Aplpellne (gas, ufater.dl.ela) above ground level uhlch can be crossed o\er 

V 2 ir 012,5 of under . 

2 5 Odour: blacfc. 
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536 UncrosadJle pipeline 
Appelne which cannolbe crossed 
Odour: blacfc. 



537 High tower 

0.5 Ahlgh tower sfan dng above tie level olti esurroundng lores! Looalon Is al 

$+- 0,115 tieoenteol garvllyal tie synbd. 

Odour: blacfc. 



Good orlefileedng terrain ccnldns a large number and a geal vartetyol teaures. Those which 
m oslessenllal lor Ihe runner in compellon musl be selected and presen led on tieorienleerlign 
To achieve tils, In such a weytialtiemapls egbto and easy to Interpret car togaphlcgener alls* 
musl be employed. There are iwo phases ol gen er allsalon - seiedvegenerallsaton andgra 
generation. 

Geledve generalsalon is tie dedsion as 1 o which (totalis and toatj res snould be presented cn 
map.TwolmportanloonsIderalons con tbule to tils decision - tie importance ol tie lea tire tom 
runners* pdni ol Me wand tlslnluence on tie legibility ol tie map. These iwo consider alons 
scm elmes be inoompaltole, bu 1 tie dem and tor legdlltym u si never be rdaaed in order to preser 
encess ol sm all details an d lean res on tie map 7 h eretore 11 ull be necessary al tie surveystac 
adoplmlnimum sizes lor many Types ol (total. These mhlmum stzesmayvarysomewhallromonei 
to anotier aocordn g to ti e am or nl ol detail h quesion . ho wever, consistency is one ol tie r 
impcrtanl gj allies ol tie orienteering map, and Iheretore tie same selectve criteria musl be u 
tiroughoul tiemap. 

Graphic gen erdlsalon can grealty attecl Ihe cfarnyot tie map. 51 m pllloalon, dsplacemenl 
eHaggeralcn are usedlolhls end. 

Legblllyrequlres lhai tie size ol syn bols, line tikfcnesses and spadng belween lines be base 
ti e perceplon ol norm al sigil In day ighl. In devising syn bds, all factors ewcepl tie distan ce belw 
neighbourly syn bds are considered 

The see ollhesmaleslteaUre uhlch ull appear on tie map depends parttyon tie gaphlcquai 
olfiesynbol (shape, tormal and odour) and parly on ihe posllai ol neighbouring syn bds. 
Imm edalelyneigi bourh g lean res. which fake up more spaceon tie map ti an on Ihe gound, 
essenifai mart ine ooiTedrelaion snips between ti ese and on er nearby lean res are also main tan 



3 MAP SPECIFICATION 



538 Small tower 

l.O rti obvious shooing platlam or seat or small towier (or a tig. polnlln some 

y-UO 0 |75 ecu nines). Looalon Is art tie cent e ol gavllyol Ihe synbd. 

Cdour: blacfc. 



3.1 Scaleand votical interval 

Tne scale tor an orlenleering map Is 1 : 1^000 wlti a 5 m ocnlcurh torval h tail ten ain a contour hie 
ol 2*571 maybe used. 
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0.35 



0.25 



0.175 



0.175 



0.125 



0.175 



505 Vfehldetracl 

A tact or poorlym an tain ed road suitable lor vehicles oily when tauellng 
slowly Wdt less tan oa 3 m. 

Colour: blac*. 

506 Foopatn 

A targe pain, cr old veil ide m, un ion is disinci on te gound. 

Colour: bi a*. 

907 Smai patn 

Asmaipalhor (tompdary) taresiexradon tact uhichoan bettiowedai 
ccmpellon speed 
Colour: bia*. 

508 Less distinct am dl path 
A less dsln d sm an pat cr icc estye xtaclon irac*. 

Colour: bia*. 

509Nsrrowrlde 

A dsln cl ride, less man oa. 0 m wide. A ride is a linear treaK in te loresl 
psuallyptan talon) uhich does nol have a dslnd pain dong II Wieretere 
Is a pat along a ride, synbols 907 or 538 should be used t piabeolsynbd 
909. 

Cdour: blac*. 

510 visible pamjuncion 

Wien apalhjunclon cr miersedon d pats or iracfts is visibto. te dashes 
d t esyn bois are Joined al t ejundon. 

Cdour: bla&. 

51 1 Foolbridge 

Atootridge ujt nopat leadngiolt 
Cdour: blac*. 

51 2 Cr osd ng point 'Altn bridge 

A pain or tact dossn g a river, siream ordildi Dya bridge. 

Cdour: blac*. 

51 S Crossing point 'Althout bridge 

A palh or taa cr ossln g a river, steam cr dhch ult ou 1 a bridge; a tard 
Cdour: blac*. 

5U Udistlnct junction 

Wien ajjndton olpartis dlracts is nol ctaar, te dashes oitesynbds are 
nol Joined 
Cdour: biac*. 

515 XA deride 

Arideorirebreat, wider tan 9 m. The edges are shown wit tesynbolld 
a vege talon boun dary (416). The appropriale yellow d geen sdeen should 
be u sed lo 111 in beiuieen te dolled lines lor cpen d overgro urn rides respeo* 
Ively. 

Cdour: btac* and ydiowd geen. 
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404 Rcugn open larto Win scattered tees 

Wier e ti ere ere sea tiered tees In rcugfi open land areas ol unite (or geen) 
snould appear n tie lone. Such an area m ay be gen erdlsed byusbg a 
regular paltern ollarge unite dois in ihe ydlotusaeen. 

Colour: ydlowOO* poiineston), unite 30% (16.75 lines ton). 

405 Forest: easy running 

□pen loreslunere tiereK no hindrance to tie runner 
Colour: unite. 




406 Fa est slowrunnlng 

rtiarea uJti denselrees (owvlsbllly) utifch reduces run nlngloca. 50- 80<k 
ol normal speed. 

Colour: green 20% (40 lines ton). 



>5 <W25 




o! 75 



407 Undergro'Atr. slowrunnlng 

rti area ol dense undergowlh bul olieruise good visibiny (tram Wes, 
healher, fowtushes, and hdudngcu 1 branches) union reduces running 1o 
oa 50- 80**ol namal speed Tills synbdmaynolbecomWneduJlH 406a 
403. 

Colour: green 17<*> (13 lines ton). 




408 Fa est difflcul tto run 

fin area ulti denselrees a Hittei (ouivlsbiliy) union reduce run nlnglooa 
10 - 50^01 namal speed 
Colour: gieen 30 % (40 lines ton). 



25 0.25 




0.575 



409 undergro'Atn: dltlcultto run 

fin area ol dense undergouflh bul ofierulse good vislbllly (bramWes, 
healher. to w bu sties, and Hdudngcu 1 branches) union reduces runnlnglo 
oa 10 - 50<fcol normal speed Tills synboimaynoi be combined ulti 406 a 
408. 

Colour: green 00 % (27llneston). 




410 X^getotlon: uery difficult to run, Impassable 

rti area ol dense vegetelai (tees a undergro urH) uhleh Is barelyp ass able. 

Winning reduced to ca.O- I0<*>ol normal speed 

Cotair: green 100^ 
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41 1 Fa est r mnabie in one d reel on 

Wien an areaoltoreslproxfcles good runnlngln one dreclon bul less good 
in otiers. unite stpes areiellln ihe screen synbdlo show lie dreclon ol 
gaodrunnng. 

Cdour: green. 

4l2Grchad 

Land planted uJih tun tees, bush es. 

Cdou r: yelo w 100 4 * and geen 23 % (12 111 es ton). 

413 Uneydd 

Tlie lines maybe orientated to showtiedlreclon ol planing 
Cdour: yelow 100°* and geen. 



4 EXPLANATION OF SYMBOLS 



Detnhlons ol map teatires and spedicaitons tor tiedraung ol synods are gven in Heiolioi 
secllons. Synbds are dasslled Into 6 calegorles - 



Land terms 
Fbc* and boulders 
water and marsh 
Vb^tel ion 
fvtoi -made lea tires 
Course synbols 



(brown) 

(dad.) 

(due) 

(geen +\elou) 
(Wad.) 

(purple) 
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4.1 Land forms 

The shape ol land Is shown bymean solverydelaledocnlairs. aided bytespedd synbols tors 
Midis, depressions, eto. This is com piemen ted h WadbyHe synbols tor rod anddlts. Olentoe 
terrain Knormallybeslrepresenteduflha5m ccntourinlervai. rti Interval ol 2.5m maybe necesi 
in cerldn types ol terrain, h Is nolpermlssiwe to use dHeren1ln1ervais on tie same map. 



Excessive use ol term lines should be avddedas tils ulH complicate tie map and gvea ui 
knpresslon ol heigil dtterenoes. h tie represenlalon ol an area needs a large n urn ber ol term lr 
a smaller contour Internal provides a more legblealtef naive. 

I 

The retolve h eigi 1 dtterence belueen neighbeurtng leatiresmusl be represented on uemai 
accurately as possible. rtjsdule heigil accuracy Is ol less Importance. Ills permissible loaner 
heigrlolaocnlcur slghlynuis uJll Improve He represenlalon olatealure. This cteMallon should 
normalyexceed 25*> ol He oontour Inlervai and alien Ion mu si be paid to neigiboudngleatire 




101 Contour 

A Ine Joining points ol equal heigil.THeslandzrd verlcal nerval belu 
con tours Is 5 metes. 

Cdour: broun. 

102 ndex oontour 

EveiyitH oontour should be dawn uHhalhlder line. Tills Is an aid t 
gi Id assessm oil ol heigi 1 dller en ce and H e over ai shape ol He go> 
Where on e ol H ese con leu rs coin ddes uflh an area olsm al Kndls or dep 
slcns, II maybe shown u<H a namal contour line. 

Cdour: broun. 

103 Form line 

Ailntermedalecontourllne. Fam Ihes areused uheremaelnlamaflcn 
be gveu abcu 1 He shape ol H e gcu nd Theyare used only un «e reprfc 
lalcn is nolposslde ulH ordlnarycon tours. Qilyonetorm ilnemaybei 
belueen neighbor rtngoonlours. 

Cdour: broun. 

104 Slope line 

Slopellnes maybedaun on He lower side o la oonlair ine, egalcngim 
ol are-entanlor In a depression. Theyareu sed only uh ere h Is neces 
to darltyHelall ol He ground. 
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907 Mince 'Aster channel 

j o.i 2 ? Analiral cr man-made miner water channel which may contain wafer only 

*: 0,25 inlef mltlen ly 

colour: bUe. 



908 Narrow mash 

..*0.25 Am arsh cr tlcKle d water which Is too narrow lobe shoun wit synbd310 
03 (less tian oa. 5m wide). 

Colour, btie. 




909 Uhcrossa)ie marsh 

Am arsh which is u ncrossade or danger ou s tor ine ru nn er. AbiacK line sur- 
rounds tesynbd. 

Cdour: bbe, dad*. 



910 Marsh 

_ A cross able marsn uiti a dslnd edge. Syn boi 31 0 m ay be ccmdned ult 

, =L g.l25 synbol403 tor deafly open marshes. For densely wooded marsn es synbol 

— =[ ) 3 ^ 31 0 m aybe can dried uiti syn bds 406-41 0 The smailesl m arsh sh ould be 

sho un by al leasi 1 wo lines on ti e m ap. 

Cdour: due (ult ydiowJgeen). 




91 1 ndisUnctmash 

At IndKIh dor seasonal m arsh or area d gaduai tans mon irom marsh to Irm 
gound. uh Idi is crossade. The edge K generalyln dslnd an dti e vegetolai 
similar to lhai d ti e su rrou ndlng gr cun a Synbd 31 1 m aybe com bh ed uiti 
synbol403tordeaflyopen bul hdlslnd marshes. There maybe occasions 
unere II is appropflale 1o use synbol 311 whh synbol 401. For densely 
wooded marshes synbol 31 1 maybe oembbed whh Ihe synbds 406410. 
Cdou r: du e (ult ydiowigeen). 



912 Ytell 

ZO 0.175 wells and oaplve springs, which are deanyxlsble on Ihe gound. 
Cdour: bbe. 



114 Small depression 

Sm all sh allown a to raidepr esslons and holo ws |n inlm urn dameter 2m) w 
cannoi be shown to scale by con tours are represented bya sem Wrde. K 
w 0.175 mum deplh tom tie surrounding gound should be im. Local cn is tie cei 
ojg dgatflyoite synbol uhleh Is orientated lonorti. Synbd 1 15 Kuse< 

m an-m ade pits. 

Colour: do un. 



* 



u 
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115 Pit 

Rts and holes uiti dslnd sleep sides which oannd be shown to sod* 
synbol 106 (nlnlmum dameler2m). Rts whh any dher shape ten rc 
0.175 should be sho unbyccn tours, ktilmum depti tom fiesuiTOundnggc 
should be 1m . Localcn Is tie cen te ol gatflyd tie synbol wh ich is or 
toted to nati. 

Colour: doun. 




< 0.175-0.25 



116 Broken ground 

^ Ai area d pits or Knolls which Is loom ticate to be sh own h detoll The der 
d dots m ay varyaccording to tie detoi on Ihe gound. 

Colour: doun. 



1 1 7 special landtorm Tea tire 

This synbol can be usedlcr a special small landtcrm teatere. The delb 
dtiesynboimuslbe gven In tie map legend 
Colour: doun. 



118 spotheigit 

Spd heigits are used tor tierougi assessmenl d helghl diierences. 
A •225_l.5 heigi 1 1 s gveniote nearest mete. Theigures areorlentefedto tien« 

" I Wafer tevds are gluen ultiou line dot 

4 °- s colour: biacK. 



4 2 Rock sndboiidcrs 



SIS Spring 

Thesourcedaslream ultadslndcuflow The synbdls orientated to open 
0.175 downslream. 
u Cdour: bbe. 

914 Special '/va ter feature 

A special sm all wafer tea tire. Th e deinilcn ol ihe synbol m usl al way* be 
lx 0.175 gven in tern ap legend 
Cdour: bbe. 
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I £900 loc daric; orl** 



Rock Is a spedal cartegoryol land lorm . The Indusion d rocK gves u< 
intormalon aboul danger and runnablily as well as prcMdbg teatret 
mapreadbgandconlroi pdnls. RocK is shown In biacK to dsingulsh 111 
landlcrms featires. The ou line dte syn bdshouldaccurateiYTepresen- 
shaped tie rocKtooe projected on ahcrlzcnlal plane. caremuslbeteKe 
m aKe sure ti art took lea tires such as dins agree uiti ihe shape and toil or 
gound shown bycontours or lorm ibes. 




291 bi passable ditr 

Ai Impessade dtl, giarrycr eart banK £ee 106) K shown whh a 0.3^ 
line an d down war dlags sho wing lls ti II exlenl tom tie top In elo tie tod 
togs maytoeomfttedll space is short eg. nairow passages between dills 
passage sh ould be dra wn win a width d al leasi 63 mm ). The lags i 
exten d over an area syn boi represenlh g del all Imm edafelybelow ti e i 
toce. Wien a rocK lace (tops slraign In to waler m aK h g II bi possible to f 
under te dill along te waters edge. tebanK line is emitted cr te* 
should deaflye xtend over te banK In e. 

Cdour: biacK. 
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202 Rod plllaraldllTS 

n ti eoaseotunusudfean res su ch asrod pillars or masslvedltls cr gtgan 1c 
y boulders, ne rods marybeshown in plan shape ujnculiags. Adualslzemay 

varyacccrdngto nehelghiollherod. 

Colour: blad. 



j,i 0.175 



^UOnBL/d 



21 1 Open sandy groind 

Ai area oi soli sandyground or gavd ulti novegelalon aid wheierui 
is slow Vtfierean area oisandygound Isopert bui nj nn h gis good Ulssi 
as open lend (401 MO 2). 

Colour: oad. 10«*> (24 lines ton) and yellow 50* po lines ton). 



20 s Passable rod Tace 

Asmdi ver led rod lace (minimum helgmim) issfioun wnncuitags. line 
PT u 1 n dredton oi tai oi n e rod lace Is n oi appar eni irom ine conlou rs, shcri lags 
U_ 0^5 should be dra un in ne drecion oi ne tell 
" * Colour: blad. 



212 Bare rod 

Alalareaoirod utlhoulearn orvegelalon Is shown as bare rod. rti 
3(ht oi rod covered uin gass, moss cr olher tow vegeiaion is shown as 
lend (101 ACC) 

Cdour: blad 30<* (54 lines ton) or gey 



204 Roc l y pit 

M Rodyplls, h des or m ineshalts which m ay con sin 1e a den ger to 1h e run ner. 

0.175 Looaiiton is ne cen teolgraMiyoin e synbd, which is orientated to norn. 
Cdour: blad. 




205 Caue 

A cave Is represenied by ne same synbd as a rodyplt h inis oase ne 
a 1 75 syn bol should be cc lenlaled tone slope as n doaled opposite. Th e cen te o1 
gatfl yol ne syn bol mads n e opening. 

Cdour: blad. 



206 Boulder 

• 0o.i* Asm aldlslhcl boulder (minhiumhdgi 11 m). Every boulder marhed on ne 

' mep should be Immediately Idenllade on negound 

Cdour: blad. 



207 Ldge boulder 

4 ♦ A paricu tori ylarge and dsin cl boulder. 

Cdour: blad. 






205 Boulder held 

Ai area which Is covered whh so many Mods oi stone nallheycarnol be 
madedlndUdidlyls shown win sold non -equllaleral manges. Amhlmum 
oi iwo ttangles sh ou Idbe used (on e on lyh used whh oner rod leaUres). Th e 
going Is Indoaled byne den shy oi ne tlan ges. 

Cdour: blad. 



209 Boulder cluster 

Asmal dlsinci gcup oi boulders so ctosdydusfered togener nai ney 
^ cannolbemadedlndlxWually The synbd Is an egiltaferainangle orientated 

tone norlh. 

Cdour: blad. 

210 Stony ground 

Slonyorrodygcund uhlch atlecls gdng should be shown onnemap The 
4 Gi25-ai?5 do Is should be random lydstbuled uin densltyacccrdng to ne amcunl oi 
rod. For large areas a screen may be used (see tadep7) 

Cdour: blad. 



43 Water and marsh 



• NOTE!:, dlmmalbna 
.'trtfftcvttf l.i’SfliD; 



•All. «r«.4i. 



This gouplndudesbolh open wafer andspedd ty>es oi vegetation oa, 
byne presence oi wafer fnarsh) The ctasslicalon Is Importani Decai 
indloafes ihe degree oi h indrance lo n e ru nn er an d provide feati res icr 
readngandconlrolpdnls. Adad line round a wafer featj re hdoafesl 
cannolbe crossed under noimd weaner conditions. h dycountl* 
feali res listed in inis seclon maycn lycon tdn wafer n some seasons 




SOI Lale 

Large areas oi wafer are shown whh lull colour or a dolscreen dal leasv 
5m dl areas oi water should be shown whh nil cdour. Abtad bam. 
indloafes nartlhe feanre cannoi be crossed. 

Cdour: blie, dad. 



902 Pond 

Wterenelaheor pond Issmdler nan linin' on ne printed map ne bail 
Is omitted. 

Cdour: blie. 



OK 

4 o* iV 



993 Yfiterhole 

a!75 A wafer-lied pn or an area oi wafer which is to o smdl lobe shoun tos 
Locaiton is ne cen te oi graMtyoi n e synbd, uh Ich is orientated to n 
Cdour: bli e. 




904iticrossa>ieriuer 

Ai un crossable river cr can d Is dawn ulih dad banl. lines. The bad 
are dden ala tord. 

Cdour: blie, dad. 



905 Crossable viatercourse 

mh. Acrossable wafercou rse, minim urn an uWe. Th e uldlh oi wafer course* 
0.25 dn wide should be sho wn to scale. 

Cdour: blie. 

906 Crossable email ‘Aatercouse 

0.12*5 Acrossade watercourse (hdudhg a majcr ddnage dlch) less lhan 
wide. 

Cdour: bli e. 
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'S 

2 as 

05rt|l 

ai25 



105 Contour udue 

Con lour value* are dten Included to aid assessment large heigildltter- 
en ces. Theyare Inserted In tie Inde xoontours n posllons uh ere other (total 
Is not obscured. Tnelgures should beortentatodsotiartihetopoltie igire 
Is on ti e higi er side ol Ihe ccn tu r. 

Colour: troun. 

106 Earth bail 

Asleep earth bank. Is an atrupl change In ground level uh ich can be clearly 
dsln gushed tom Itssurroundngs.e.g. gravel or sandpits, road and rail way 
cullngs cr em bank.ments.Th elags shou Idsh owti e lull extern ollhe slope, bul 
maybeomMedltlwobanKsare dose togetier. in passable bairns should be 
tfaun mti synbolSOi (hipassade dll) 

Colour: troun. 



O.i 



0.125 



107 Esrti wdl 
Dlslnd earth mail 
Colour: troun. 



4.4 Vegetation 

The represenialon olvegelalon Is Important to tie crlenteer because Hatted* runnabiityendli 
proves tea tr res tor mapreadhg 

COLOUR 

The basic prlndple Is as tollows: 

-•nhlte represents runnable lores! 

* yeilowrepresents open areas dxlded In to several categories. 

- green represents tie densltyd tie toresl according to Us mnn ability and Is divided htosev 
categories. 

RUNNABILfTY 

VUiite represen ts typlcdlycpen runnable toresl ter tie par leu I ar ty» ol terrain. It no pari d tie to 
Is runnablelhennoulUleshouldappear on the map 

The runnaWlltydepends on tienarture d tie leresi (densltyot teesrtrush uood and undergoi 
cracAen, brambles, netles.eto) to 1 does nd tAe accounlol marshes, stonygroundeto much 
shoun byseparate synbols. 



0.25 



0.125 



108 Smdl ea"tn '/tall 

A partly ru ined earti mail maybe sh own ulti adashedllne. 
colour: troun. 




109 Erosion gtliy 

Ai erosion giliyor tench much is too smai to be shoun bysynbol 106 Is 
shown bya shge Ine. Thelhe mdti reiects Ihe size d tie gully Mnimum 
<to pin 1m. The end d tie line Is polnied. 

Colour: troun. 




O ^-s 

<~JJ 0.125 
tT> 



110 Small erosion gully 

Asmal erosion giliyor tench. Mnimum depti aim. 

Colour: troun. 

111 Knoll 

Knolls aresho un mti con tourlhes. ^promhenlMiolltoilngbelween contour 
lines may sill be represented bya contour line ntiedexlaflon tom tieadual 
contour level Is less ti an 25«»* Smaller or taller knolls should be shoun wflh 
torm Ines. 

Colour: troun. 



112 Small fenoll 

AsmaHctovtousmcundcr rocAyKnol much caundbedrauntosoalemtia 
contour (dameterolmoundiesstian oa. dm) Kn oils oianyotier shape man 
• • 4 a5 round should be shoun by contours. The heigil ol tie Knoll should be a 

mnimum ort 1 m tom tiesurroundng gound. 

Cdcur: troun. 



IIS Depression 

Depressions are shoun mti concurs or torm lines and slope lines. Promlnenl 
1 3 depressions laiin g bet ueen coi tour in es maybe represen ted bya contour 

) 0.125 me II tiedevialon tom tieadual oon tour level Is less ti an 25*. Smdieror 

3 shallower depressions shou Id be shoun bylorm ines. 

Colour: troun. 



RmnabMIyin toresl Is divided nto4 categories 
acccrdng to running speed. 11 speed Ihrougi 
typtoairyopen runnabletoresl Is, tor eaanpie, 
5 min Am, tie tolowlng ralos apply 


100 

$0 


open toresl 


80-100^ 


5 - 6 m 15s Am 


so 


stowrun 


50-80<*> 


6 m 15s- ion Am 




Otitcull to run 


10-50* 


10-50mlnAm 


10 




0 - 10 * 


>50 mn Am 


/ 1 



J/.tll c 


7 






.Vv.V.V.V.' 








HHs. 


_1_ 






.MOT'E.r.m'rribllllDW*. 

‘□rcqiHinBlfeimmDt' 

■V.T.SM ler <l«i^ ert’;- • 



100* 



i O.i o’.i 



50* 



50* 



401 Cpen laid 

Cullvartedlanp Helds, meado ms, grassland eto ullhoultees. ollerhge 

running 

Colour: \eloui 

402 Open land 'AJtn scattered trees 

Meadows mti scattered irees orbushes, mti gass or similar gound c* 
ottering easyrunnlng. Vbrysmall areas are shoun as open land (401). 
Colour: \eiow50Mi6.75 lines bm) 

403 Rough open land 

Heati, moortand.lelled areas, nemyplanled areas (tees lower tian ca. 
cr dher generally open land mil rougi ground vegelaton, heartheroi 
gass. Synboi 403 maybe ccmtined mti synbols 407 and 409 to si 
reduced runnabilty 
Colour: \elow50s* (40 ines Am). 
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FVinting 

hi teertn g m ap m u si be pr In led on good, possibly water r es Islanl, paper ( wdgi 1 80 - 120 gsm ). 
>e In up to 6 colours depen dng on tie oartographyand tie nan re oi tie lerraln Hoovers. 



414 Distinct cull) nation boundary 

The boun daryol oj niuated Ian d uii en noi sho un uin on er symbds (i e 
o.i 2*3 u ® 11 - p«*i. el<x) is shown wtlh a Hack Ine. A permanent bcundarybeiu 

dllerenltrfjes ol cullvated land Is also shown ulti tils symbd. 
Colour: black. 



j| care musl be laken toensurean e«ao1 register oicolours.On a map primed In several colours 
urseplanner musl havene cppalinltyto check neregster via superhiposed crosses In tie 
n 1 colours. Them atfm urn acceptable error Is 0.2 mm . 

Ilydependson ihe ccrreclchdce d cdcurs. THelolouingreoommencJalcns are intended to 
rdzemapsas much as possltxe. Theallefnaive cdour given can beusedln prelerencetolhe 
men dedod curs, since tieullmate chdcedco lour also depen ds ai tiestuctireollheteirali. 
oommendatons are gven In tie PMC system (Pantone Mafchlng System). 



Colour 


PM S number 


Wternalue 


Black 


Process black 




Brown 


471 




\dtow 


136 


122 129 


Blue 


299 




Green 


361 




Grey 


428 


427 


Vtolel 


Purple 





.arger scale maps 



* 



4 0.25 ao 

_L..l J 



1 00 * 



'SHOW GUU 



415 cm uated land 

Cultvaledland wtilcti Is seasonallyoul-ol-bounds die to Rowing crops 
be shown uin a dad, dol screen. 

Cdour: yellow 100% black -5% 



416 Distinct uegetoflon boundary 

4 ClI 75 Adslncl icresledge or verydslncl vegetaion baindarywiihln tietoi 
Cdour: black. 

417 ridistlnct uegetolcn boundar y 

hdstnd boundaries belween areas ol green, yelowor white aresh 
ultioula Ine. The edged tie area Is shown onlybylhe change In odo 
dol screen. 




♦ 



0 JS io 
XlO.6 



0.115 



416, 419 Specld uegetanon features 

Symbols 4 18 and 4 19 can beusedlor speddsmal vegetaion tea tires, 
deiniion ol Ihe synbd musl be given h tie map legend 
Cdour: green. 



4.5 Man-made feattres 



all:l0,000maybeprocuoedlor1wo reasons, (a) icr geater legality or (b) tor spedd t>,pes 
am. 

Maps'Atiere greater legibility la reqdred 

marybemaps d smallareas lobeused tor tdnhg lor Intodudoryandschod evenfc. They 
? compellon maps lor dder and younger age goups uhere readng tie lies and smdi synbds 
es a problem. 

maps muslbe drawn wlti ines, line screens and symbol dmenstons50*greafter tian tiose 
>r l: 13 000 maps. Wierepractod tie same dd screens as usedal 1:15,000 wll gvetiemosl 
map an d are tierelcre to be prelerred n praclce da uln g tie arluwrk al 1:7,500 tor reduclon 
,000 uJll gvetie corred dnenslons li tie same artwork Is reduced to 1:13000. n maybe more 
>d and cheaper toproduce a 1:10,000 version byenlarghglhe 1:13000 llm negalvesposllves. 

lO.OOOmaps tie spadng dgrld ines should be 25mm ulilch represents 250m on tie ground 

»icn Here is usuaiy a progression d scales tom 1:2.500 to 1:3000 to i: 10,000 ktps al very 
caies such as 1:2,500 wll dearly ccnldn more detail such as plaryground equipment Une 
slons tor 1:10,000 maps should dso be used lor tiese maps. 

Spedal terran 

eplonal cases, where terrdn Is exlremelyoom pie x an dll Is nd possible lodrawtieessen id 
si 1:13000, a 1:13000 map drawn uin 1:15,000 dimension sis permlsstole. Forinternaiond 
tie u se ol larger sodes m usl be approved by ti e IOF. 



•MOTE-r dlmmnlono * 
itfrt'tfcMniMMtaWiOt'. 



•fclf. dttMtTgv ■ ii.** 



The Irack network proxfcles Impcrtanllnlcrmalcn lor ihe runner and ne< 
sllcalon muslbedeanyrecogilsaUeon tiemap. Partial I arlylmporlan 
ti ecompeUlor is ti edassllcaion d smaller pans. Accaimmuslbelekei 
on lyd ti e uion . bul dso d ho w obvious ihe pan is to ne run ner. 
oner man-made tea tires are also mportanl bon tor map readng am 
oontd poh is. 



0.115 



501 Motorway 

A road uin loo nigi ways icr ne use d motor tartlc only The space belu 
ne black lines musl be lied uin brown po-ioo*) 

Cdcur: btac k and brown 50-100% (40 lines Jdn). 



0.115 



502 Major r oad 

Road ulder lhan 5 m. The space belween ne aack In es m usl be llled 
troun (50-1 00*») A road under con stu cion ( sym bds 50 1, 502 and ' 
maybe shown uin broken lines. 

Colour: black and brown 50-100% (40 lines fcm). 



o.$r 



0.115 



0.$5 



503 M Inor road 

Fbad 3 - 5m ulde. The space belween tie black lines mu slbe lied 
troun (50-100^). 

Cdcur: black and brown 50-100% (40 lines ttn). 

504 Road 

Amah tah edroadsultabte lor motor vehicles In all wean erless nan 3m i 
Cdour: black. 
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rimffttiorts of map symbols 

jcmm endedlhal an ortenleer ing m ap Is surveyed an ddra wn al 1:7,000 - lufce tieprli Ing scat, 
reduclon ratios maybe used. Wien scilbbg, a 1:1 ralo Is normal, 
islona in mia boo I ae gluen at tie printed scale ot 1 : 15,000 

euldbsarebasedon tie micronomi pen sizes. Alilne utotis and symbd dbiensicns musl 
d ultiln £0<* oliner spedied vabe. Deviations irom tie nominal value muslonlybe used lo 
e legality Certain minimum dbiensicns musl also be observed. Tliese are based on both 
g technology and tie need tar legibility 

WMDIkCNSOND 

pap Del ueen luc Ine lines ol tie sam e colour, in bromn or blart: 0. 10 m m. 
smallest gapbelween iwo blue lines: 0£0 mm. 
lesl rort lace synbd: 0.6 mm 
leslsteam a ditch synbd: 0.6 mm. 

lesl bend in contour (spur or reentanl): 0.20 mm (irom cente to cente ollheines). 

lesl area ol marsh: al leasl Iwo Ines ulti a lengti ol 00 mm. 

tost dottedline: alieasiiuo dots. 

lest dash ed lb e: al least two dashes. 

lest area en dosed by a dotted line: 1.0mm piameferjuiti Odots. 

lesl area ol colour 

Blue geen, geycr \etiouj lull cdcur: OObim f 
Blart dot screen: OObim‘ 

Blue, geen cr yelow dol screen: 1.0mm { 

tires sm dier ti an ti e dtn en slon s above m usl be elti er e»agg?raled a cm Itted dependh g on 
?rorno1 tieyare ol slgnlloance to tie orlenleer. Wien a leal re Is enlarged neigi touring 
»s musl be dsplaced so Ihaltieconeol relative posllons are malntabed. 



ms 

albn, open areas, marshes, eto are shoun ulti dol crime screens. ThetoHouhigluo lades list 
rmissbie comblnaions ol screens and lire ccmmerdd avaliabiity ol screens lo meel tie 
calons. Some aunties have procb oed spedd crlenleerbg screens. 



rctenTound 
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51 6 Railway 

Aralwaycr otier kb dol raledlracfc (tam uay Hurt way eto). 

Cdour: blart. 

51 7 Power line 

Power line, cable way cr sKllitt The bars Indoale tie enact local on ol 
pyons. 

Cdour: blart. 

515 Major power line 

Major power lines should be drawn wlti adcudellne. 

Cdour: blart. 

51 9 Tunnel 

A way u nder roads, ral ways, eto which m aybe u sed by tie ru nn er . * 
symbol Is used whetiercr not tie tonne! has a tart leadbg loll 
Cdour: biart. 

520 Stone wall 

Aslcne wal or slon Placed banK. 

Cdour: blart. 

521 Fumed atone 'asm 

A in bed stone wall maybeshown bya dashedllne. 

Cdour: blart. 

522 Hgi stone '/call 

Astone walhigier tian oal.Om. nolcros sable toine average orien tor 
Cdour: blart. 

52S Fence 

A wooden cr wire lence less tian ca. 1.9 m higi. 

Cdour: blart. 

524 R Lined fence 

A iu bed lence maybe showi ulti adasnedibe. 

Cdour: blart. 

525 Hgh fence 

Aboarded or ulre lence higher tian ca 1.3 m, not crossabie to tie aver 
alenieer, eg deer lence. 

Cdour: blart. 

526 Crossing point 

Al ways ti rough a overhigi lences cr wells muslbe bdoaled. The syi 
m ay also be used ter a gale ti rough cr slle over a stone wal (320)orale 
(926) 

Cdour: blart. 



■n ■trrtn 527 Biildlng 

I "0.5 io.5 Atuildngisshown with its gcund plan so tar as tiesoalepermtls. 

Cdour: blart. 
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APPENDIX A. 

INTERNATIONAL SPECIFICATIONS FOR ORIENTEERING MAPS 



emapper, lie task Is Knowing un loti tealures 1o map and how to represen itiem. Aocnlliulng 
?meniln tiesporllslmporlanltorabaslcunderstondngallieregiremenfc lor tie orienteering 
tls content tie need lor accuracy tielevd 01 defal and aboue a I needtor legality 

tat ait 

Mitoerlng map is a detailed topographic map. The map musl conlaln Ihe teatires uh Ich are 
son tiegcund to a compeltor ai running speed fl musl show ewrytoatre utilcti cculd 
cemap readng or route choice - land torms, r ock lea tires, ground surlaoe, runnadltly man 
>es, hydogaphy Clemen land in dxldialbulldngs. tiepati and tack neium, aider ines al 
untoaicci end lea tires usetii tom ihepomoixiewolnaxigaicn. 

ape oi ti e gcu nd is one ol tie mosi tn portanl aspects al an orien leerh g map The correct use 
tours to showa tireedinenslcnd plctire at tie goind -shapeandhet^iidinerence- cannol 
^emphasised. 

?gree to which a lea tire is recogi isade, tie openn ess at ti e toresl and run nadlltyol tie ler rain 
l be taken into ccn slderatcn ai tie su rveysfage. 

lanes between dtterenltypes at gcund sur lace pr oxide valuablerelerenoe points lor tiemap 
. fils imporfanlti ail tie map shows ti e edges at areas ol marsh, sdidgound boulder teld, and 
i rimes oi rocky teiraln. 

idlttyand ihe open ness ol tie terrain atteclroule choice andtie mnnngspeed. niormaton on 
tactors musl tier etore be shown on Ihe map bydassltyng patis and tacks, by Indicating 
?r marshes, water teatiies, rock faces and tuck loresl are passage, and by showing tie 
llllycn tiegoundsurfaoeandtiepresenoeolopen areas. Clea riyM side vegetaton boun dartes 
1 also appear since ti eyare u sen I tor m ap readn g 

apmuslconlaln tieieatures which are obMcu son ihe ground and uhlch areolvalietom tie 
Jt xlewol map readng. rti atlempt musl be made when surveying lorn ah tali tiecfardyand 
tyol tie m ap.l.e. ti em Inlm urn dm enslon s deslgi ed tor n crm al sigi 1m usl nolbe tor gotten wh en 
n g ihe degee ol generalisation. 

2 p should conlaln someplace names to help tie compeltor to crlen fate his map to norti. Names 
I be written tom wesiio ea si and placed toaruoU cbscurltg important teatires. The street 
ig should be simple. 

hesareblack0.l25-<Xl75mmlnespdnihgtomagtetcnorti. Ther spacing on tiemapshcu Id 
)3mm uhlch represents 500 m on tie gcund an tie scale at 1:15000. Norlhlnes maybe broken 
obscure smal teatires such as boulders, knols. dltts, steam Jun cions, pati ends, eto in 
tonal cases blue a 1 75 In es m aybe u sed. The sldescttiemap (paper) should be parallel lo 
jjnelcnorti Ines. Arrowheads maybeused to show magi etc norti. 

Accuracy 

=nerd rule should be that com pet tors shdi no tpercel we ai y inaccurac y in the m ap. Th e 
tcyotihemapas a uhde depends upon ihe accu racy ol measurement posiion. heighiand 
) and ihe accuracy ol (tawing. Accuracyot posiion on an orien toertng map musl be consistent 
al obtained bycompass and pacing. Aleatire muslbeposltoned will sutldenl accuracy lo 
Mial a compeltor using compass and pacing will perceive no discrepancy between mapand 
1. h general a 5% accuracy h dsfance between neighbouring teatires uJII salstytiese regilre- 



S39 Cairn 

Cairn, memorial Slone or boundarystone pr a tig poll tin some count 
\f>ZO O.ITC m ere tian 0i5 m high. 

Odour: bia :k. 



* 



1.0 



0.175 



540 Fodder racl 

A todder rack uh ich H tee slandlng or tu 11 on lo a tee. Location Is a - 
cente at gravity ol ihe synbd. For land access reasons tiese may 
emitted. 

Odour: blaa. 



54 1,542 Sped d mai-made Teatires 

Special man -mode features are shown utti tiesesynbols. Thedelniiio 
0.17*5 tiesymbdsmusl begven In each case h tiemaplegend. 

Odour: blad.. 



4J6 Q/erprirting symbols 



:Wrti«c4ri'Ar^Tnhtni; 
• ilR-pririi?4-*C4lt-ol- 

;i:i;/>oa* pw.'.irudin; 
: fitV.6ix’dDri.Dre ■"□£! 

-.iflsjni.dtfn:.:*:-.-: :v 




Courses should be overprinted at leasllcr elte dasses. FOr otier das 
tieycan be dawn by hard 

eoi start 

The slarl or map issue pdni (Unol al tieslarljls shown by an egilla* 
tlan ge uh Ich pdn ts In tie dteclcn ol tie irsl conlrol. The cente ol a tlai 
or ctde sho ws ti e predse posiion oi tie tealure bu 111 is n at adualymar 
Odour: purple. 
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602 ccntroi point 

The contd poll Is are sh oun will did es. The size ol ti e ctdes shouh 
chosen to minimise in ter Terence wlti map defall around tie conlrols. 
ccntds are numbered In order, wlti tie tgi res orten fated to tie north, 
start, caitd sand In fch are joined wlti lines In numerical order. Qeclon 
ti e lines or drdes sh cu Id be omitted to leave imporfant detail sho wti g 
Odour: purpe. 

60S Mar led route 

Amaiked route is shown on tie map wlti a dashed 111 e. 

Odour: purple. 

604 Finish 

The inlsh is showjn bylwo con cenlrlc drdes. 

Odour: purple. 




605 UncrosadMe bounds y 

A boundary which 11 11 not permitted to cross. 

Odour: purpe. 

606 Crossing point 

Acrosslng point ihrcugi or over a wal ortenoe, or across a steel or rail 
or a ti nn el is dra wn on ihe map wti iwo ih es curing cu iwards. 
Odour: purpe. 
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APPENDIX B. 



ABILITY ASSESSMENT QUESTIONNAIRE 

Virtual Environments and Navigation in Natural Environments 

Questionnaire 



Name 

Age 

Sex M/F 



1 . How many Orienteering Events have you participated in during your life (include military land 

navigation events) 

a. Less than 1 2 

b. Between 1 3 and 24 

c. Greater than 24 

2. How many events have you participated in within the last year? 

a. Less than 12 

b. Between 13 and 24 

c. Greater than 24 



3. What skill level would you consider yourself? 

a. Beginner - You navigate to a control mainly on well-traveled trails and fields. You go 

out of your way to be safe. 

b. Intermediate - Distinct handrails and catching features. You rely on very distinctive 

handrails (roads, trails, streams, ridges, etc.) to get you into the vicinity of the control 
and then rely on catching features (a prominent feature that alerts you as to where 
you are on your intended route). OR in the absence of handrails you rely on large 
catching features to get you into the control. 

c. Advanced - Catching features. You use handrails if available but more often you will 

use catching features of all types and size to guide you into the control. 



4. If you are part of an official ranking system, how are you ranked? 



5. Are you currently experiencing any health problems that may impair your performance today? 



65 



66 



APPENDIX C 



PARTICIPANT MAP 
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APPENDIX D. 



ORIENTEERING MAP LEGEND EXPLANATION 
About the Orienteering Map 



All maps are generalizations. They use symbols to portray actual features on the earth’s 
surface. Not all features are represented with the same precision. Discrete non-vegetation items 
are plotted on the map in the exact location they are in the actual environment, whereas 
vegetation boundaries (unless indicated with a distinctive dotted line) are not meant to represent a 
clean break from one type of vegetation to another. Rather this line separating one vegetation 
area from another is a generalization of where one type more or less ends and another more or 
less begins. The line separating the two can best be thought of as a blurry line where the two 
types of vegetation intermingle. The below guide will help you determine the specific limitations of 
each symbol on the orienteering map. 

Building - Buildings in the area are of several types: 

a. Latrines - most common building, tan in color, approx, size 3x8 meters 

b. Shelters - second most common building, green wood, roofed, no walls, approx, size 3x8 
meters 

c. Admin. - field office and shack, black with gold trim, 8x8 meters and 2x2 meters respectively 
Open Sandy Ground - a significant patch of sand that will slow running 

Open ground - dirt, hard pack, free of grass and other vegetation. 

Undergrowth walk - immature chaparral or oak, dense stands of bushes, incomplete overlap of 
two distinct areas of fight which allow restricted passage along that overlap, other plants that 
prevent running. 

Fight - mature chaparral or immature oak in such density that passage through is very difficult, 
running impossible 

Forest walk - oak forest with patchy undergrowth, low lying tree limbs or tree density that 
prevents running from being sustained 

Forest slow run - oak forest fairly free of undergrowth, but with low lying limbs or tree density that 
makes sustained running difficult. 

Rough open ground - grass covered ground, possibly with scattered (avoidable) undergrowth. 

Note that there are a few locations that have what appears to be old jeep trails but are 
portrayed as rough open ground. Sometimes the distinction between one or the other 
blurs. If in doubt refer to other more distinctive features (contour lines, etc.) to determine 
your location. 

Shallow depression - most likely an old decaying foxhole position or other man made excavation 
where the banks have eroded to create a bowl-like depression of 1 - 3 feet below surrounding 
ground. 

Misc. object - a manmade feature, rubble, derelict military equipment, or other item whose exact 
description is only provided if it is the location of a control 

Pit - an old foxhole or likely other man made pit that has steep vertical walls and may be 
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reinforced with wood, depth from 2 - 5 ft. Note that there will be many pits in the area that are 
not depicted on the map. The pits that are depicted are accurate. 

Telephone poles - wood poles (if bearing wire it will be noted on map) approx. 25 - 30 ft in height 

Concrete pad - old concrete tent pad extending from 2-5 inches above ground level 

Tree - a tree or large bush (could be two or more trees growing close together - forming an 
unbroken single canopy -- if the trees are small) 

Rootstock - a dead or overturned tree 

Troop training device - a bunker or other man made item built for training soldiers 
Vegetation boundary - the edge of a vegetation type 

Gully or Ditch - ranging from a shallow 1 ft deep gully to 5 ft deep military trench 

Jeep Trail - a road more suitable for 4 x 4 vehicles due to width restriction and/or ruts. May be 
distinctive and worn or in some places overgrown with grass but still containing ruts. 

Paved Road - a surfaced all weather road 

Road - a sandy or dirt road wide and level enough for 2 wheel drive vehicles 

Indistinct Path - a path that is in the process of being overgrown with only intermittent marks on 
the ground that indicate that it was once a well traveled path 

Narrow Ride - a linear break in the forest that may have once been a jeep trail but now is 
overgrown with grass and lacks telltale wheel ruts 

Path - a foot or bike path. 
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APPENDIX E. 




AERIAL PHOTOGRAPH OF COURSE AREA 
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APPENDIX F. 



THE COURSE’S MOST PROBABLE ROUTES. 



What follows below is an analysis of the some of the most probable routes to a given 
control. They do not represent the only ways of getting to a control but the most likely routes 
chosen by participants based upon my orienteering experience and knowledge of the terrain. 

They are listed to better illustrate Orienteering conventions such as handrails and catching 
features by putting them into the context of the course. They will also serve as a basis for 
comparison and discussion of the actual routes planned and later run by participants. As can be 
seen by the breakdown of routes, all controls possess at least one beginner’s route. Intermediate 
and advanced routes are delineated from each other by the proportion of handrails to catching 
features. If there are more handrails as compared to catching features than the route is 
intermediate. The opposite is true if there are more catching features to handrails. When 
classifying routes taken by participants in the study, if an exact match for a participant’s route 
could not be found from the below list then the route was examined within the context of its use of 
handrails (including what type) and catching features and assigned a route designation that 
correlated with the same level of difficulty for the routes on that control (beginner, intermediate, 
advanced). 



A. Control 1 . 

1. Beginner 

a) Gigling Road west to jeep trail 

b) Jeep T rail south by east by south to building 

c) Control on NW corner of building 

2. Beginner 

a) Watkin's Gate Cutoff to indistinct path. 

b) Indistinct path southwest up hill to jeep trail 

c) Jeep Trail west to building 

d) Control on NW corner of building 

3. Intermediate 

a) West through plotted individual trees (catching features) 

b) Handrail rough open ground south to junction indistinct path and 
jeep trail 

c) Jeep Trail west to building (catching feature) 

d) Control on NW corner of building 

4. Advanced 

a) West through plotted individual trees 

b) Follow runnable forest southwest 

c) Try to hit small rough open gap by keeping walkable forest to left 
shoulder 

d) use forest fight to west as catching feature if needed 

e) Control on NW corner of building 

f) Use jeep trail for catching feature if control is missed 

5. Advanced 

a) Go straight at control from start 

B. Control 2. 

1 . Beginner 

a) Jeep trail northwest to building 

b) Follow open ground to west and look for rough open clearing 
going northwest (handrail) 

c) Follow rough open clearing northwest looking for pit 

d) Control in pit 
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c. 



D. 



2. Intermediate 

a) Jeep trail northwest to building 

b) Go straight at control (WSW) from building 

3. Advanced 

a) Set out on straight line directly for control 

b) Hit open ground and look for building on the right and rough open 
break on the left. (Catching feature) 

c) Follow rough open clearing northwest looking for pit 

d) Control in pit 

Control 3. 

1. Beginner 

a) Head northwest and get out onto Gigling Road 

b) Take Gigling Road west to jeep trail junction with telephone pole 

c) Take jeep trail southeast to convergence of two jeep trails 

d) Head southwest into tree grove looking for control 

(1) Use building as catching feature 

(2) Use open ground to west as backup catching feature 

e) Control hanging from tree limb 

2. Advanced 

a) Head straight at control; use jeep trail prior to control as catching 
feature 

b) Head southwest into tree grove looking for control 

(1) Use building as catching feature 

(2) Use open ground to west as backup catching feature 

c) Control hanging from tree limb 

Control 4. 

1. Beginner 

a) Head southwesterly and try to get on jeep trail headed in same 
direction 

b) Take jeep trail to junction 

c) Take jeep trail southeast to junction 

d) Take southerly fork to next junction 

e) Take fork to northwest 

f) Once beyond patches of fight leave trail and start looking for 
control 

g) Control is in pit 

2. Beginner 

a) T urn around and go back to jeep trail to the east 

b) Take jeep trail southwest to junction 

c) Take fork to the south to another junction 

d) Take fork to the west to next junction 

e) Take southerly fork to next junction 

f) Take fork to northwest 

g) Once beyond patches of fight leave trail and start looking for 
control 

h) Control is in pit 

3. Intermediate 

a) Go south towards road junction 

b) Get on road and take to junction 

c) Take road west to other road junction 

d) Handrail around fight to west coming down through small patch 
of fight into control 

4. Advanced 

a) Head straight at control expect to hit jeep trail that runs NW to SE 
(catching feature) 

b) Hit trail and then thread way through scattered fight 
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C) 



Emerge into center of depression and rough open ground, 
(catching feature) look for pit 

d) Control is in pit 

E. Control 5. 

1. Beginner 

a) Move back out onto jeep trail 

b) Take trail west to trail junction 

c) Take trail WNW up to misc object 

d) From misc. object go straight at control 

2. Intermediate 

a) Move directly at control 

b) Use Gigling Road as catching feature if miss on control 

c) Control is in center of clearing 

3. Advanced 

a) Move directly at control 

b) Use southwesterly linear clearing as catching feature 

c) Follow clearing NW right into control 

d) Use Runnable forest along Gigling as catching feature in case of 
miss 

F. Control 6. 

1. Beginner 

a) Move out onto Gigling Road and take it westerly to junction with 
dirt road 

b) Move down dirt road (south) to junction with jeep trail 

c) Take jeep trail to east look for concrete rubble 

d) Move southeast through runnable forest 

e) Look for control on concrete pad 

2. Beginner 

a) Move straight at control and hit jeep trail 

b) Go southwest on Jeep trail to junction with another jeep trail 

c) Take jeep trail westerly and look for concrete rubble 

d) Move southeast through runnable forest 

e) Look for control on concrete pad 

3. Intermediate 

a) Move south to junction of two jeep trails (catching feature) 

b) Handrail jeep trail southeasterly to clearing (catching feature) 

c) Handrail clearing to the west 

d) Hit fight going west (catching feature) and move south 

e) Handrail fight (keeping it on right shoulder) into control 

f) Look for control on concrete pad 

4. Advanced 

a) Move straight at concrete rubble (aiming off technique) use jeep 
trail as catching feature and handrail 

b) Move southeast through runnable forest 

c) Look for control on concrete pad 

G. Control 7. 

1. Beginner 

a) Move back out onto east west jeep trail 

b) Go west to junction of jeep trail and dirt road 

c) Take dirt road south to junction with four jeep trails 

d) Take jeep trail east by northeast 

e) Look for second linear break in vegetation (indistinct path) 

f) Take indistinct path (handrail) to ditch 

g) Follow ditch to its end 

h) Control at east end of ditch 

2. Intermediate 

a) Move through rough open ground easterly to jeep trail (catching 
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feature) 

b) Follow jeep trail (handrail) to junction with other jeep trail by 
building 

c) Locate telephone poles and follow wire (handrail) south easterly 

d) Hit fight and turn west and follow fight boundary into ditch 
(handrail) 

e) Control at east end of ditch 

3. Advanced 

a) Move through rough open ground easterly to jeep trail (catching 
feature) 

b) Take jeep trail to curve where it turns east (hand rail) 

c) Leave jeep trail and head straight for control use east west jeep 
trail as checkpoint (catching feature) 

d) Aim off to east side of ditch and go southeast (telephone wires to 
east as catching feature to prevent drifting too far east) 

e) Use fight as catching feature 

f) Hit fight and turn west and follow fight boundary into ditch 

g) Control at east end of ditch 

4. Advanced 

a) Move straight at control 

b) Use jeep trail junction as attack point 

c) From attack point take offset route to west part of ditch 

d) Follow ditch to east and find control at end of ditch 

H. Control 8. 

1. Beginner 

a) Handrail fight to the east till hitting the jeep trail 

b) Follow jeep trail northerly through intersection to sharp curve to 
the east 

c) Once at sharp curve to east turn off trail to west and look for 
control in clearing 

d) Control located in clearing 

2. Intermediate 

a) Handrail fight to telephone poles 

b) Take telephone poles NW back to jeep trail junction 

c) Follow jeep trails east to next junction 

d) Take jeep trail north 

e) Leave jeep trail and move directly at control 

3. Advanced 

a) Move directly at control (avoiding forest walk) use jeep trail 
junction as catching feature 

b) From jeep trail junction aim off to east of control at sharp curve 
to east of jeep trail keeping eyes open for control in clearings 

c) Use same trail as Beginner route as catching feature (for drift) 

I. Finish 

1. Beginner 

a) Move back out to jeep trail just to east of control 8 

b) Take trail south to four way junction with other trails (handrail) 

c) Take southeasterly running trail to trail fork 

d) Take northeasterly running fork to five way junction (handrail) 

e) Take northwesterly running trail keeping eyes open for small 

break in fight to the east (catching feature) 

f) Take indistinct path into clearing and hook to north 

g) Control on east edge of clearing 

2. Intermediate 

a) Move back out to jeep trail just to east of control 8 

b) Move off trail using rough open to move closer to control 

c) Take rough open out onto jeep trail which runs NE to SW 

d) Take trail to junction with North South jeep trail 
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e) follow jeep trail looking for indistinct path 

f) Take indistinct path into clearing and hook to north 

g) Control on east edge of clearing 

3. Advanced 

a) Move straight at control on east by northeast azimuth 

b) Use trail as catching feature 

c) Fight to north and south of route used as catching features 

d) Locate opening in fight 

e) Take indistinct path into clearing and hook to north 

f) Control on east edge of clearing 
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Appendix G. 

Map, Actual, and Virtual Environment Correlations 
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Map, Natural Environment, 
and Virtual Environment Correlation 





Appendix G. 

Map, Actual, and Virtual Environment Correlations 
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APPENDIX H. 



PARTICIPANT TASK LIST 

Thank-you for participating in this study. You will doing an Orienteering course today. 

However, there are some important differences to note: 

1. You will be wearing a light pack with DGPS and Newton MSG Pad 130. Its purpose is to log 

your route and act as a data capture device for other actions you may perform. 

2. Before you run the course you will carefully plan your route through the entire course (see 

Important Information on Marking Your Map) 

3. Use this training time to commit the route and course to memory. You are expected to do the 

following on the actual course run: 

a. Navigate without aid of map and compass, but go off of memory as best you can.] 

b. Try not only to find all the controls but do so within your planned route 

Summary of objectives 
All Objectives are equally important!! 

1 . Choose the most efficient route for you based on your abilities in this context 

2. Minimize the number of map checks you request from the administrator 

3. Minimize the number of compass checks you request from the administrator 

4. Minimize the number of map with compass checks you request from the 
administrator 

5. Stay on your route 

6. Find all the controls (you have as much time as you need for this task) 

• If you need to make a map check then say so and the administrator will give you the map for 
30 seconds. Additional time can be requested in 30 second increments at the additional cost 
of a map check each. 

• If you need to make a compass check then say so and the administrator will give you the 
compass for 15 seconds. Additional time can be requested in 15 second increments at the 
additional cost of a compass check each. 

• If you need both map and compass then say so and the administrator will give you both for 30 
seconds. Additional time can be requested in increments of 30 seconds. 

• If you want to change your route announce to the administrator that you are changing your 
route plan. At that point the administrator will hand you the map, compass, and blue pen. 
From the time that he gives you the materials you will have 30 seconds to plot the new route. 

If you need more time then tell him you need more time and you will get another 30 seconds. 
Request additional time as needed but remember that one of your objectives is to make as 
few map checks as necessary. Every 30 seconds that you are looking at the map beyond 
the original 30 seconds for the route change counts as a map check. 
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APPENDIX I. 



IMPORTANT INFORMATION ON MARKING YOUR MAP 

Pay close attention to how you mark your route, be as precise as the map and pen allow. 
Before your actual run you are expected to preview your map within your group’s prescribed 
context. Mark your planned route using the RED pen. You may correct any mistakes you 
make while planning with the white eraser. Once the planning period is up or you elect to 
finish you will not be allowed to erase any of the red route marks you have made. SO BE 
PRECISE in marking your map, detail does matter. Later during the actual course run anytime 
that you are going to deviate from your planned route you must stop: 

1 . Announce to the administrator that you are changing your route plan. At that point the 
administrator will hand you the map. From the time that he gives you the map you will have 
30 seconds to plot the new route. If you need more time than tell him you need more time 
and you will get another 30 seconds. Request additional time as needed but remember that 
one of your objectives is to make as few map checks as necessary. Every 30 seconds that 
you are looking at the map beyond the original 30 seconds for the route change counts 
as a map check. 

2. Take the blue pen and draw in your new route with the same attention to detail that you 
applied for the original route planning in red. 

3. Leave your original route on the map. The eraser is provided so that you may make 
corrections to a route as you draw it. Once you finish drawing and begin navigating you are 
not allowed to erase routes, or corrections to planned routes (blue penned routes) 

4. You may make as many corrections to your route(s) as necessary while navigating the 
course. 



Importance of detail in map marking and navigation 

You are allowed to deviate from your planned route within the following tolerances while 
still being considered on that route: 

Jeep Trails, Paved Roads, Unpaved Roads, Indistinct Paths, Narrow Rides and Paths - If 

your marked route is on any of these features you are allowed 5 meters either side of the feature 
and you are still considered as being "on your route". 

All other features - On all other types of non road/trail terrain you may travel 15 meters to 
either side of your marked route and you are still considered as being "on your route" 
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APPENDIX J. 



NAVAL POSTGRADUATE SCHOOL, MONTEREY, CA 93943 
PRIVACY ACT STATEMENT 

1. Authority: Naval Instruction 

2. Purpose: Spatial Cognition information will be collected to enhance knowledge, or to develop 
tests, procedures, and equipment to improve the development of Virtual Environments. 

3. Use: Spatial Cognition information will be used for statistical analysis by the Departments of 
the Navy and Defense, and other U.S. Government agencies, provided this use is compatible with 
the purpose for which the information was collected. Use of the information may be granted to 
legitimate non-government agencies or individuals by the Naval Postgraduate School in 
accordance with the provisions of the Freedom of Information Act. 

4. Disclosure/Confidentiality: 

a. I have been assured that my privacy will be safeguarded. I will be assigned a control or 
code number which thereafter will be the only identifying entry on any of the research records. 

The Principal Investigator will maintain the cross-reference between name and control number. It 
will be decoded only when beneficial to me or if some circumstances, which is not apparent at this 
time, would make it clear that decoding would enhance the value of the research data. In all 
cases, the provisions of the Privacy Act Statement will be honored. 

b. I understand that a record of the information contained in this Consent Statement or 
derived from the experiment described herein will be retained permanently at the Naval 
Postgraduate School or by higher authority. I voluntarily agree to its disclosure to agencies or 
individuals indicated in paragraph 3 and I have been informed that failure to agree to such 
disclosure may negate the purpose for which the experiment was conducted. 

c. I also understand that disclosure of the requested information, including my Social 
Security Number, is voluntary. 



Signature of Volunteer Print Name, Grade/Ftank(if applicable) DOB 



SSN Date 



Signature of Witness Date 
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APPENDIX J. 



NAVAL POSTGRADUATE SCHOOL, MONTEREY, CA 93943 
MINIMAL RISK CONSENT STATEMENT 

Subj: VOLUNTARY CONSENT TO BE A RESEARCH PARTICIPANT IN: Virtual 
Environments and Navigation in Natural Environments 

1. I have read, understand and been provided "Information for Participants" that provides the 
details of the below acknowledgments. 

2. I understand that this project involves research. An explanation of the purposes of the 
research, a description of procedures to be used, identification of experimental procedures, and 
the extended duration of my participation have been provided to me. 

3. I understand that this project does not involve more than minimal risk. I have been informed 
of any reasonably foreseeable risks or discomforts to me. 

4. I have been informed of any benefits to me or to others that may reasonably be expected 
from the research. 

5. I have signed a statement describing the extent to which confidentiality of records identifying 
me will be maintained. 

7. I have been informed of that since the risks are minimal any injury I suffer while participating 
in the experiment will be at my own risk and that I accept full responsibility for my own medical 
treatment. 

8. I understand that my participation in this project is voluntary, refusal to participate will involve 
no penalty or loss of benefits to which I am otherwise entitled. I also understand that I may 
discontinue participation at any time without penalty or loss of benefits to which I am otherwise 
entitled. 

9. I understand that the individual to contact should I need answers to pertinent questions 
about the research is Rudy Darken, Ph.D., Principal Investigator, and about my rights as a 
research subject or concerning a research related injury is the Modeling Virtual Environments and 
Simulations Chairman. A full and responsive discussion of the elements of this project and my 
consent has taken place. 



Signature of Principal Investigator 


Date 


Signature of Volunteer 


Date 


Signature of Witness 


Date 
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APPENDIX J. 



NAVAL POSTGRADUATE SCHOOL, MONTEREY, CA 93943 
PRIVACY ACT STATEMENT 

1. Authority: Naval Instruction 

2. Purpose: Spatial Cognition information will be collected to enhance knowledge, or to develop 
tests, procedures, and equipment to improve the development of Virtual Environments. 

3. Use: Spatial Cognition information will be used for statistical analysis by the Departments of 
the Navy and Defense, and other U.S. Government agencies, provided this use is compatible with 
the purpose for which the information was collected. Use of the information may be granted to 
legitimate non-government agencies or individuals by the Naval Postgraduate School in 
accordance with the provisions of the Freedom of Information Act. 

4. Disclosure/Confidentiality: 

a. I have been assured that my privacy will be safeguarded. I will be assigned a control or 
code number which thereafter will be the only identifying entry on any of the research records. 

The Principal Investigator will maintain the cross-reference between name and control number. It 
will be decoded only when beneficial to me or if some circumstances, which is not apparent at this 
time, would make it clear that decoding would enhance the value of the research data. In all 
cases, the provisions of the Privacy Act Statement will be honored. 

b. I understand that a record of the information contained in this Consent Statement or 
derived from the experiment described herein will be retained permanently at the Naval 
Postgraduate School or by higher authority. I voluntarily agree to its disclosure to agencies or 
individuals indicated in paragraph 3 and I have been informed that failure to agree to such 
disclosure may negate the purpose for which the experiment was conducted. 

c. I also understand that disclosure of the requested information, including my Social 
Security Number, is voluntary. 



Signature of Volunteer Print Name, Grade/Rank(if applicable) DOB 



SSN Date 



Signature of Witness Date 
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APPENDIX J. 



NAVAL POSTGRADUATE SCHOOL, MONTEREY, CA 93943 
MINIMAL RISK CONSENT STATEMENT 

Subj: VOLUNTARY CONSENT TO BE A RESEARCH PARTICIPANT IN: Virtual 
Environments and Navigation in Natural Environments 

1. I have read, understand and been provided "Information for Participants" that provides the 
details of the below acknowledgments. 

2. I understand that this project involves research. An explanation of the purposes of the 
research, a description of procedures to be used, identification of experimental procedures, and 
the extended duration of my participation have been provided to me. 

3. I understand that this project does not involve more than minimal risk. I have been informed 
of any reasonably foreseeable risks or discomforts to me. 

4. I have been informed of any benefits to me or to others that may reasonably be expected 
from the research. 

5. I have signed a statement describing the extent to which confidentiality of records identifying 
me will be maintained. 

7. I have been informed of any compensation and/or medical treatments available if injury 
occurs and is so, what they consist of, or where further information may be obtained. 

8. I understand that my participation in this project is voluntary, refusal to participate will involve 
no penalty or loss of benefits to which I am otherwise entitled. I also understand that I may 
discontinue participation at any time without penalty or loss of benefits to which I am otherwise 
entitled. 

9. I understand that the individual to contact should I need answers to pertinent questions 
about the research is Rudy Darken, Ph.D., Principal Investigator, and about my rights as a 
research subject or concerning a research related injury is the Modeling Virtual Environments and 
Simulations Chairman. A full and responsive discussion of the elements of this project and my 
consent has taken place. 

Medical Monitor: Flight Surgeon, Naval Postgraduate School 



Signature of Principal Investigator 


Date 


Signature of Volunteer 


Date 


Signature of Witness 


Date 
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APPENDIX K. 



GENERAL DEBRIEF 



Participant Number 



1. Have you ever been on this part of Ft. Ord Before? If so how familiar were you with the 
course area prior to running it? 

a. Not very familiar - passed through area two of fewer times. 

b. Familiar - have hiked or biked though are more than twice and am somewhat confident about 
my knowledge of the trail network 

c. Very familiar - come through here often and could navigate to a prominent feature such as a 
building, road junction, or hilltop without a map. 

2. Have you been out navigating on Ft. Ord before? If so do you think your previous 
exposure to a different area of Ft. Ord helped you solve today’s navigation problem. If it did 
help then explain how it helped you, be specific. 



3. If you have not been out on Ft. Ord before have you been on similarly vegetated terrain. If 
so, do you believe that prior exposure helped you with today’s navigation problem. If it did help 
then explain how it helped you, be specific. 
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4. What did you think of the map quality? 



a. Excellent - accurate, easy to read, portrayed all significant features. 

b. Good - some minor discrepancies that created a little confusion (please explain why in space 
below). 

c. Fair - Several significant flaws that lead me to make major mistakes in navigation (please 
explain why in space below). 

d. Poor - Numerous flaws that made accurate navigation a matter of luck (please explain why in 
space below). 



Questions asked in context of actual route 
(Recorded) 

SEE ORIENTEERING SKILLS AND STRATEGIES FOR 
TAXONOMY OF ORIENTEETING ERRORS 

1. If an unintentional error and caught 

a. When did you recognize that you had deviated off your planned route? 

b. Why did you plan your original route as you did? 

c. Why did you revise your route the way you did? 

d. Attribute the error to what factors? 



2. If unintentional error and not caught but participant arrives at control 

a. What made you think you were still on your planned route? 

b. How do you think you arrived at the control when it was not planned by you? 

c. Attribute the error to what factors? 



3. If an intentional error - route revision 

a. What caused you to revise your route? 

b. Attribute the error to what factors? 

c. If route revision is successful (leading to no more corrections) 

1 . What do you attribute the successful route correction to? 

d. If unsuccessful 

1 . Why was this correction not successful? 



4. Upon successful completion of a planned route to a control 

a. Rank the aids (map, course preview, VE — whichever are relevant to the you) in order of 
importance that helped you successfully complete this control 
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b. How did each aid help? 

c. What were the shortcomings of the aids you had for this control? 

d. What were the strengths of the aids you had for this control? 
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APPENDIX L. 



VE DEBRIEF 

For VE participants only 

1 . Within the context of helping familiarize you with the environment prior to having to navigate in it 

please comment on the below items as to whether is was helpful or not and why. (note this 
form has been condensed for space saving inclusion as an appendix. The actual form 
contained space in between each question fora reply) 

a. The Spatial fidelity (perceived relative distance of one virtual feature to another compared 

to the actual features on the course) 

b. The navigation options: 

1. Walking 

2. Squatting to 1 meter height 

3. Rising to 10 meters height 

4. Rising to 30 meters height 

5. Teleporting from location to location using the "Hole View" 

c. The vegetation type portrayals. 

d. Vegetation density portrayal. 

e. Road/Trail network portrayal, 
f Elevation portrayal. 

g. Building portrayal 

h. Ground surface portrayal. 

i. Telephone wire poles 

j. The "Hole" restriction. 

k. The interface (mouse and monitor) 

l. Other features - pits, depressions. 

2. What improvements (in order of importance) would you make to the VE and why? 

3. What aspects of the VE did you think did not support the task? 

4. Did exposure to the VE give you greater confidence that the environment would be familiar to 

you when you went out into it.? If so then explain how the VE created this confidence. 

5. If the VE did not inspire confidence that you would be familiar with the actual world then explain 

why it did not. 

6. If it did inspire confidence, but later experience proved that confidence unfounded then explain 

why your experiences in the actual world undermined your confidence in the VE model. 
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APPENDIX M. 



EQUIPMENT USED IN THE STUDY 

The following list of equipment was used in the study 

1. One Pentium (166) PC Workstation with Windows NT 4.0 with a 20” Sony Trinitron 

Monitor 

2. Jack Nicklaus Golf 4.0 Course Designer used for VE. 

3. ArcView 3.0a GIS used for map production, DGPS plotting, and spatial analysis. 

4. 15 master maps acetated for durability. 

5. Transparencies for overlays. 

6. Alcohol Pens for marking routes. 

7. Newton MSG Pad 130 used for DGPS map survey work and route participant route 

capture 

8. Fieldworker 2.3 software used for DGPS map survey work and experiment data 

capture. 

9. Compass 

10. Clipboard 

12. Head mounted Hi8 camcorder for recording participants course run. 

Equipment common to all participants: 

1. Map 

2. Compass 

3. Clue Sheet 

Equipment unique to VE group: 

1 . Overlay of "VE Lanes" for map. These lanes outline the extant of each VE lane. This 
overlay provides a reference between the VE and the map that will be used by the 
participant during the course. This overlay will only be used as a contextual reference 
while the participant plans his route on the overlay that he will take out to the course with 
him. The VE Lane overlay will NOT go out to the course with the participant. 

2. Map, Natural Environment, and VE correlation. This is a set of six diagrams that have 
photographs of the actual terrain with its VE correlation. Photographs do not always 
depict the area portrayed in the VE. Ideally the VE would have photographic fidelity. Due 
to bandwidth constraints this is not possible so the diagrams are meant to prevent 
negative training transfer by creating images in the participant’s mind that are at great 
variance to the actual terrain. 

3. The Virtual Environment itself. 
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APPENDIX N. 



PARTICIPANT MAPS 

The following maps portray the routes that participants took during the test phase, and in 
the Real World Condition, the route they took during the training phase (trial). The routes that the 
participant drew onto the map during their training phase has not been included on these maps 
because map scale and the limitations of black and white reproduction would have made for a 
cluttered and less readable reproduction. I am planning to provide the interested reader with the 
color versions of these maps which will include the planned route on an NPS web site. If 
interested in the link for downloading these maps (a high speed connection is recommended as 
they approximately 1.5 MB’s each), please contact Dr. Darken at darken@cs.nps.navy.mil. 
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Ft Ord California 

Map by Major Will/am P Banker USA 
Field Checked by Major William P Banker 
M/y 1997 
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Real World Group 
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Participant 2 Map 
Real World Group 
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APPENDIX N. 
Participant 3 Map 
Control Group 
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APPENDIX N. 

Participant 4 Map 
Control Group 
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APPENDIX N. 

Participant 5 Map 
Real World Group 
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APPENDIX N. 

Participant 6 Map 
VE Group 
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Participant 7 Map 
VE Group 
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APPENDIX N. 

Participant 8 Map 
Control Group 
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APPENDIX N. 

Participant 9 Map 
VE Group 
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Participant 10 Map 
VE Group 
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APPENDIX N. 

Participant 11 Map 
Real World Group 
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APPENDIX N. 

Participant 12 Map 
Control Group 
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APPENDIX N. 

Participant 13 Map 
Control Group 
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APPENDIX N. 
Participant 14 Map 
VE Group 
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APPENDIX N. 

Participant 15 Map 
Real World Group 
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APPENDIX O. 



THINK OUT LOUD 



Your thoughts are important to this research. As you navigate the course you should be 
"thinking out loud”. 



As you move through the environment and experience it directly express what you are 
thinking. The mental preconception you had of this environment before you stepped into 
it will now be evaluated by you as you experience the course directly. As this image is 
confronted with direct experience your expectations and plan may be confirmed, modified, 
or refuted. Be sure to talk out loud these thoughts. 



The process of talking out loud and paying close attention to your route will slow you 
down. This is expected. You are under no time constraint to finish the course. 



PLEASE SPEAK LOUDLY SO THAT YOUR VOICE WILL BE PICKED UP BY THE 

MICROPHONE 
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APPENDIX P. 



ADMINISTRATORS TASK LIST 



Admin. TASK LIST (All) 

1. Welcome 

2. Equipment you will need 

3. Consent form 

4. Administer questionnaire 

5. Give procedure (Group Dependent) 



Procedure Control Group 

1. Issue 

a. Participant Task List 

b. Map Marking Information 

1. Give map to participant for study away from site, plan route allow 1 hour take map back when 
finished with planning 

2. Movement from NPS out to course area 

3. Administration of blindfold prior to entrance into course area. 

4. Arrival at start point, removal of blindfold 

5. Issue and fit Pack 

6. Issuance of Course Procedure (see course procedure all) 

7. Ask Survey Knowledge question (you are at control 3, shoot azimuths to controls Finish, Six, 
and Eight) 

8. Issue map back, pen, eraser (put on ground with map turned over face down on clipboard) 

9. Any questions 

10. Start participant 

11. Navigate Course 

12. Return to NPS 

13. Debrief (General only) 



Procedure Real World 

1. Movement from NPS out to course area 

2. Administration of blindfold prior to entrance into course area. 

3. Arrival at start point, removal of blindfold 

4. Issue and fit Pack 

5. Issuance of Course Preview Procedure 

a. Participant Task List 

b. Map Marking Information 

6. Issue map, pen, eraser (put on ground with map turned over face down on clipboard) 

7. Any questions 

8. Start participant on preview 

9. Preview Course (1 hour max.) 

10. Return to start point 

11. Collect up materials 

12. Issuance of Course Procedure (see course procedure all) 

13. Ask Survey Knowledge question (you are at control 3, shoot azimuths to controls Finish, Six, 
and Eight) 

14. Issue map back, pen, eraser (put on ground with map turned over face down on clipboard) 
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APPENDIX P. 



ADMINISTRATORS TASK LIST 



15. Any questions 

16. Start participant 

17. Navigate Course 

18. Return to NPS 

19. Debrief (General Debrief Only) 



Procedure Virtual Environment Group 

1. Give participant briefing form on what they will do in this group 

2. Acquaint participant with interface on practice course 

3. Any questions 

4. Issue map, Correlation pictures, overlay, pen, eraser (put on table with map turned over face 
down on clipboard) 

5. Any questions 

6. Start participant on Virtual Preview (1 hour allowed for route planning) 

7. Collect up materials 

8. Movement from NPS out to course area 

9. Administration of blindfold prior to entrance into course area. 

10. Arrival at start point, removal of blindfold 

11. Issue and fit Pack 

12. Issuance of Course Procedure (see course procedure all) 

13. Ask Survey Knowledge question (you are at control 3, shoot azimuths to controls Finish, Six, 
and Eight) 

14. Issue map back, pen, eraser (put on ground with map turned over face down on clipboard) 

15. Any questions 

16. Start participant 

17. Navigate Course 

18. Return to NPS 

19. Debrief (General and Virtual Environment Group) 



Equipment Check 

Check GPS 
Check Newton 
Check camera is on 
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Appendix Q. 
Raw Data 



Participant # 


Study Group 


Ability 


Test Date 


Test Time 


Confirmed? 


Age 


Sex 


Self Assessed Ability 


Debrief 1 


4 Control Advanced 35574 0.458333333 Yes 42 Male Advanced 0 


5 i PW Advanced | 35575 i 0 458333333 Yes | 34 I Male) Advanced 1 0 


“To | VE | Advanced | 35581 1 0.583333333 1 Yis | 54 | Male) Advanced | <T~ 


8 Control Beginner 30-May 14:00 Yes 31 Male Beginner 1 


1 


PW 


Beginner 


22-May 


9:00 


Yes 


54 


Male 


Beginner 


0 


6 


VE 


Beginner 


29-May 


15:00 


Yes 


29 


Male 


Beginner 


0 


3 


Control 


Intermediate 


23-May 


9:00 


Yes 




68 


Male 


Intermediate; 


0 


12 


Control 


Intermediate 


14-Jun 


8:00 


Yes 




32 


Male 


Intermediate 


1 


13 


Control 


Intermediate 


14-Jun 


14:00 


Yes 




34 


Male 


intermediate 


1 


2 


PW 


Intermediate 


22-May 


13:30 


Yes 


28 


Male 


Intermediate 


0 


11 


PW 


Intermediate 


13-Jun 


14:00 


Yes 


37 


Male 


Intermediate 


1 


15 


PW 


Intermediate 


15-Jun 


14:00 


Yes 


38 


Male 


Intermediate 


0 


7 


VE 


Intermediate 


30-May 


9:00 


Yes 


30 


Male 


Intermediate 


2 


9 


VE 


Intermediate 


31 -May 


9:00 


Yes 


33 


Male 


Advanced 


1 


14 


VE 


Intermediate 


15-Jun 


8:00 


Yes 


30 


Male 


Advanced 


1 


Avg Control 












35.8 








Avg VE 












42 








Avg PW 












37 














































Never = 0 




















Not Familiar = 1 




















Familiar = 2 
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Appendix Q. 
Raw Data 



Debrief 2 


Debrief 3 


Debrief 4 


Questionnaire 1 


Questionnaire 2 


V*' *K Yi r- * 

' v • * 

Questionnaire 3 


Questionnaire 4 


Questionnaire 5 


0 N/A 1 2 2 ,2 N/A 0 


111! 2 1 2 1 1 1 2 | Yes I 0 


i I N/A | 2 | 2 i i | 2 | N/A | 0~ 


0 N/A 2 0 0 0 N/A 0 


1 


N/A 


2 


0 


0 


0 


N/A 


0 


0 


0 


2 


0 


0 


0 


N/A 


0 


1 


N/A 


'2*3f? 


0 


•* ■ 0 


1 


N/A * 


0 


1 


N/A 


2 


- 0 * 


0 


1 


muixm 


0 


1 


N/A 


1 


0 


0 


1 


N/A 


0 


0 


N/A 


2 


1 


0 


1 


N/A 


0 


1 


N/A 


2 


0 


0 


1 


N/A 


0 


1 


N/A 


2 


0 


0 


1 


N/A 


0 


1 


N/A 


2 


1 


0 


1 


N/A 


0 


1 


N/A 


1 


2 


0 


2 


N/A 


0 


1 


N/A 


2 


2 


0 


2 


N/A 


0 




...... ,, 


' : ■ 


. ■ ' - v ' — ■ ■ ■ ' 


























































O 

II 

o 

z 


o 

ii 

o 

z 


Poor = 0 


CD 

II 

o 


a = 0 


Beginner = 0 




o 

II 

o 

z 


Yes = 1 


Yes = 1 


Good = 1 


b = 1 


b = 1 


Intermediate = 1 




Yes = 1 






Excellent = 2 


c = 2 


CM 

n 

o 


Advanced = 2 
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Appendix Q. 
Raw Data 



■ 

Survey 3 to Finish 


Error 3 to Finish 


. 

, 

Survey 3 to 8 


Error 3 to 8 


;U' 

Survey 3 to 6 


Error 3 to 6 


Cl Planned Route 


Site 

Cl Attempted 


Cl Found 


150 


24. 


270 


80 


180 


44 


1 


i 




125 


1 


216 


26 


163 


61 


, 1 


i 


1 


110 


16 


250 __ 


60 


150 ! 


1 74 | 


1 0 1 


i i i 


1 1 


130 


4 , 


240 


50 180 44 


0 t 


1 1 


150 


24 


170 


20 


180 


44 


2 


1 


1 


120 


6 


270 


80 


210 


14 


0 


1 


1 


•100 


26 


190 


0 


170 


54 * 


o r 


"1“ 


,J \ 


120 


6 


270 “ 


80 


240 


16 


2 


■' 1 


&& 1 


270 


- 144 


60 


130 


280 


56 


0 


1 


1 


80 


46 


130 


60 


95 


129 


0 


1 


i 


155 


29 


205 


15 


230 


6 


0 


1 


i 


110 


16 


205 


15 


142 


82 


0 


1 


i 


150 


24 


230 


40 


170 


54 


0 


1 


1 


130 


4 


250 


60 


170 


54 


0 


1 


1 


120 


6 


230 


40 


160 


64 


0 


1 


1 


- ,v: 


19.8 




. 46 




40.4 


0.6. 


1 


1 




21.2 




42 




57 


0.4 


1.0 


1 




34.2 




63.2 




61.8 


0.2 


1 


i 
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190 




224 




Beginner = 0 


o 

II 

o 

Z 


No = 0 














Intermediate = 1 


Yes = 1 


Yes = 1 














Advanced = 2 
















Adv 


0.666666667 
















Inter 


0.222222222 
















Begin 


0.666666667 
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Appendix Q. 
Raw Data 



Cl Intentional Errors 


Cl Unintentional Errors 


Cl Distance off route 


Cl Map Checks 


Cl Map w/ Compass Checks 


Cl Total Checks 


0 0 0 0 0 0 


0 1 0 i 0 i 0 1 0 i 0 


__ | _ | 5 I 5 | o I o 


0 1 1040 1 0 1 


0 


t 


278 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 '■ 


92 


1 


0 


i 


0 


1 


M 204 M 


1 


* 2 ' ” 


' -3 - 


0 


d 


0 


0 


0 


o 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


i 


655 


1 


0 


1 


0 


0 


0 


0 


0 


0 


0 


i 


734 


0 


0 


0 


0 


0.4 


• 267 - 




0.4 


1.0 


0 


0.6 


278 


0.2 


0.0 


0.2 


0 


0.2 


56 


0.0 


0.0 


0.0 
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Appendix Q. 
Raw Data 



■ 

C2 Planned Route 


C2 Attempted 


■ 

SO-*:. 

C2 Found 


C2 Intentional Errors 


■v 

C2 Unintentional Errors 


C2 Distance off route 


C2 Map Checks 


o t i ; o o 




0 i 1 ! 1 | 0 0 


0 1 0 


0 | i | i I o | 6 i o I i 


1 1 1 0 1 13 0 


2 


1 


0 


0 


1 


2145 


8 


0 


1 


1 


0 


1 


34 


1 


1 


1 


' ; i . 


0 


i 


§ 

1 


2 


1 


1 


1 


0 


0 


0 




0 1 


1 


1 


1 - 


0 


1 


260 




1 


1 


1 


0 


1 


74 


0 


1 


1 


1 


0 


0 


0 


0 


1 


1 


1 


0 


0 


0 


0 


0 


1 


1 


0 


1 


66 


1 


0 


1 


1 


0 


1 


822 


3 


0 


1 


1 


0 


0 


0 


0 


0,8 


•*- 1 •• 


1.0 


0 


0,8 


101 


' 0,6 


0.0 


1.0 


1.0 


0 


0.6 


184 


1.2 


1.0 


1 


0.8 


0 


0.4 


444 


1.6 
















Beginner = 0 


o 

it 

o 

z 


o 

II 

o 

Z 










Intermediate = 1 


Yes = 1 


Yes = 1 










Advanced = 2 










































r i 
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Appendix Q. 
Raw Data 



C2 Map w / Compass Checks 


C2 Total Checks 


. 

C3 Planned Route 


C3 Attempted 


m 

C3 Found 




...... o o 2 i i o 


0 1 0 1 2 ! 1 1 1 | 0 


— 0 i i 1 2 | i | i | o~ 


0 0 0 1 1 0 


0 


8 


2 


0 


0 


0 


0 


1 


0 


1 


1 


0 


0 


2 


2 


1 




0 


0 


0 • 


2 


1 


i 


o 


1 ; 


2 


2 


' 1 


i 


0 


0 


0 


2 


1 


1 


0 


0 


0 


2 


1 


1 


0 


0 


0 


2 


1 


1 


0 


0 


1 


2 


1 


1 


0 


0 


3 


2 


1 


1 


0 


0 


0 


2 


1 


1 


0 


5,2. 


0,8 


1.6 


1 




mm 


0.0 


0.0 


1.2 


1.6 


1.0 


1.0 ! 


0.0 


0.0 


1.6 


2.0 


0.8 


0.8 


0.0 


















Beginner = 0 


o 

ii 

o 

z 


o 

n 

o 

z 








Intermediate = 1 


Yes = 1 


Yes = 1 








Advanced = 2 
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Appendix Q, 
Raw Data 



-rVAt'f '* ' s! * ' 

C3 Unintentional Errors 


C3 Distance off route 


C3 Map Checks 


■ 

03 Map w/ Compass Checks 


■ 

C3 Total Checks 


" 

C4 Planned Route 


0 0 0 0 0 2 


0 T 0 1 0 | 0 |0|1 


i | 136 | i | 6 1 i I 2 


1 194 0 0 0 0 


1 


152 


1 


0 


1 


2 


0 


0 


1 


0 


1 


2 


0 


0 


0 


0 


0 


0 


Vv, ' 1 


51 


0 


0 


0 


2 


0 


0 


0 


0 


o 


0 


1 


21 


0 


0 


0 


2 


0 


0 


0 


0 


0 


2 


0 


0 


0 


0 


0 


0 


0 


0 


1 


0 


1 


0 


1 


18 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 


0,4 


49 


0.0 


0 


0.0 


0.80 


0.4 


31 


0.6 


0 


0.6 


1.00 


0.4 


35 


0.2 


0.0 


0.2 


1.40 
























Beginner = 0 












Intermediate = 1 












Advanced = 2 
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Appendix Q. 
Raw Data 



C4 Attempted 


V'.W' 

C4 Found 


v "•- N " 

04 Intentional Errors 


C4 Unintentional Errors 


C4 Distance off route 


04 Map Checks 


sajl:, : . o . . , - . .• o. ... • 


1 i 1 i O | 1 i 60 | 1 


“ | 1 | 0 | i 1 58 1 0~ 


1 1 0 1 882- 0 


0 


0 


0 


1 


328 


3 


1 


1 


0 


0 


0 


0 


1 


i 


o 


% r 


S&950JW 


4 


1 ' 


i 


0 


i 


1457 


■ 3' - 


1 


"t 0 


1 


1 


I960 


5 


1 


1 


0 


1 


125 


0 


1 


1 


0 


0 


0 


0 


1 


1 


0 


1 


768 


2 


1 


1 


0 


1 


744 


4 


1 


1 


0 


1 


457 


2 


1 


1 


0 


0 


0 


0 


1 


0*8 


0*2 


6.8 


1050 


2*4 


1.0 


1 


0 


0.6 


252 


1.2 


0.8 


0.8 


0 


0.8 


256 


1.2 














o 

it 

o 

z 


o 

ii 

o 

z 










Yes = 1 


Yes = 1 
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Appendix Q. 
Raw Data 



C4 Map w/ Compass Checks 


■ , 

C4 Total Chocks 


C5 Planned Route 


■ 

C5 Attempted 


C5 Found 


C5 Intentional Errors 


0 . o. 1 1 . ,1 0 


0 1 1 1 1 | 1 1 1 1 0 


~ o | o | i | i | i | o~ 


0 0 0 1 1 0 


5 


8 


1 


0 


0 


0 


0 


0 


0 


1 


1 


0 


0 


4 ' 


0 


1 


1 


0 


6 


9 


o 


■ * i 


\ 


0 


17 


22 


0 


0 


0 


0 


0 


0 


1 


1 


1 


0 


0 


0 


1 


1 


1 


0 


0 


2 


0 


1 


1 


0 


0 


4 


1 


1 


1 


0 


0 


2 


0 


1 


1 


0 


0 


0 


1 


1 


1 


0 


4,6 


7 


0.2 


0.8 


• 0.8 


0 


0 


1.2 


0.6 


1.0 


1 


0 


1 


2.2 


0.8 


0.8 


0.8 


0 


















Beginner = 0 


No = 0 


No = 0 








Intermediate = 1 


Yes = 1 


Yes = 1 








Advanced = 2 












r 

































129 



Appendix Q. 
Raw Data 



:<ic: 

C5 Unintentional Errors 


, , . « .'.T ^ 

* c'ft ' 

j f * f* , - 

;; 

C5 Distance off route 


05 Wap Checks 


C5 Map w / Compass Checks 


C5 Total Checks 


C6 Planned Route 


0 o 0 o 0 


0 


o 

o 

O 

O 

O 


1 | 260 | 1 | 0 | 1 | 0 


0 - 0 0 0 0 ^0 


1 


128 


1 


1 


2 


0 


0 


0 


0 


0 


0 


0 


1 


64 


1 1 ' 


1 


mzv. ' 


■ PP . 0 


0 


0 


0 


i 


i 


o 


1 


265 


1 


■ 1 " ' ' 


2 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


2 


0 


0 


0 


0 


0 


2 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0.4 


■ 65. 8 - 


0.4 


0.6 


1 


0 


0.2 


52 


0.2 


0.0 


0.2 


0.4 


0.2 


25.6 


0.2 


0.2 


0.4 


0.4 
























Beginner = 0 












Intermediate = 1 












Advanced = 2 














1 










I 
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Appendix Q. 
Raw Data 



C6 Attempted 


■V*-,' '■ 

C6 Found 


C6 Intentional Errors 


C6 Unintentional Errors 


C6 Distance off route 


- .a ^ 

06 Map Checks 




o 

o 

o 

o 


1 1 1 1 0 1 1 1 204 1 1 


' 1 1 0 0 0 0 


0 


0 


0 


1 


255 


3 


1 


0 


0 


1 


1450 


7 


1 


1 


0 


1 


61 


, ' 2 ¥\ 


1 


1 


0 


0 


0 


0 


0 


0 


0 


1 


216 




1 


1 


0 


1 


105 


0 


1 


1 


0 


0 


0 


0 


1 


1 


0 


0 


0 


1 


1 


1 


0 


1 


25 


2 


1 


1 


0 


0 


0 


0 


1 


1 


0 


1 


110 


1 


0,8 


0.8 


0 


0.4 


60 


0.6 


1.0 


0.8 


0 


0.8 


358 


2.2 


0.8 


0.8 


0 


0.4 


72 


0.5 














z 

o 

II 

o 


No = 0 










Yes = 1 


Yes = 1 
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Appendix Q. 
Raw Data 



' i r . 

' *■*•• ' J '** , ' Y t *'*‘«WN , 

C6 Map w/ Compass Checks 


• -v . 1 ' j -- -?r% 

C6 Total Checks 


C7 Planned Route 


C7 Attempted 


-tv '• r 

C7 Found 


C7 Intentional Errors 


- 0 . _ o i.;_ i _ i o 


0 1 0 j 1 111 0 


_ | - | . | ^ | - | — 


0 0 0 1 1 0 


0 


3 


2 


0 


0 


0 


0 


7 


2 


0 


0 


0 


0 




2 ■ * 


1 


' 1 ^ 


0 


0 


- o 




o 


2 


- 1 -• 


W&WM 


0 


0 




1 


'•■Xr'-'.r • 1 


0 




0 


0 


0 


2 


1 


1 


0 


0 


0 


2 


1 


1 


0 


0 


1 


1 


1 


1 


0 


0 


2 


1 


1 


1 


0 


0 


0 


0 


1 


1 


0 


0 


1 


2 


1 


1 


0 


0 


0,6 


' 1 


0.8 


0.6 


o 


0 


2.2 


1.2 


0.8 


0.8 


0 


0 


0.8 


1.6 


0.8 


0.8 


0 


















Beginner = 0 


No = 0 


No = 0 








Intermediate = 1 


Yes = 1 


Yes = 1 








Advanced = 2 
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Appendix Q. 
Raw Data 



r< " . "'i 

- 

07 Unintentional Errors 


C7 Distance off route 


C7 Wap Checks 


07 Map w / Compass Checks 


W ■ * 

C7 Total Checks 


- 

C8 Planned Route 


^ i ■ : : » - : o - 


0 i 0 1 0 1 0 0 | 0 


O 

CM 

O 

CM 

O 

O 


0 0 0 0 0 0 


1 


377 


1 


1 


2 


2 


1 


664 


1 


1 


2 


1 


1 ' 


1 


388 


0 


0 


0 


■ "1 ■ 




1 


450 


1 


1 


2 


1 




1 


486 


1 


1 


2 


0 


1 


450 


1 


0 


1 


2 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 


0 


0 


0 


0 


0 


1 


0 


0 


1 


0 


1 


0 


0 


0 


0 


0 


0 


2 


0,6 


265 


U6 ^ 


0.4 


1.0 


0.4 


0.2 


132.8 


0.8 


0.2 


1.0 


0.8 


0.4 


165 


0.4 


0.2 


0.6 


1 
























Beginner = 0 












Intermediate = 1 












Advanced = 2 
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Appendix Q. 
Raw Data 



C8 Attempted 


C8 Found 


C8 Intentional Errors 


C8 Unintentional Errors 


C8 Distance off route 


08 Map Checks 


.1. . 1 0 . o 0 . . 0 


1 1 1 1 0 1 0 ' 0 10 


-A 

o 

o 

o 

o 


..y ' 1::.- , . . .. 1 >» 0 0 0 0 


0 


0 


0 


1 


253 


1 


0 


0 


0 


1 


540 


1 


0 


0 


0 


1 


356 


1 


1 


0 


0 


1 


748 S 


1 * 


0 


0 


0 


1 


^x382 i li 


1 


1 


1 


0 


1 


87 


0 


1 


1 


0 


0 


0 


0 


1 


1 


0 


0 


0 


0 


1 


1 


0 


1 


152 


1 


1 


1 


0 


1 


194 


1 


1 


1 


0 


0 


0 


0 


0,6 


0,4 


0 


0.6 


297.2 


0.6 


0.8 


0.8 


0 


0.6 


177 


0.6 


0.8 


0.8 


0 


0.4 


68 


0.2 














o 

H 

o 

z 


o 

ii 

o 

z 










Yes = 1 


Yes = 1 


















































1 
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Appendix Q, 
Raw Data 



azJ* jft| 

C8 Map w/ Compass Checks 


^ i'-i, > m 

C8 Total Checks 


, 

C9 Planned Route 


v ''‘ ’ 

C9 Attempted 


C9 Found 


C9 Intentional Errors 


0 0 2 1 1 0 


0 0 1 2 1 1 1 j 0 


__ j _ j _ j - | - j — 


0 0 0 1 1 0 


1 


2 


2 


0 


0 


0 


1 


2 


1 


0 


0 


0 


1 


2 


0 


0 


0 


b 


1 


2 


2 ■' ' ' 


0 ~ 


0 


0 


....... - 1 


2 


0 


0 


0 


0 


0 


0 


2 


1 


1 


0 


0 


0 


2 


1 


1 


0 


0 


0 


1 


1 


1 


0 


0 


1 


0 


1 


0 


0 


0 


1 


0 


1 


1 


0 


0 


0 


0 


1 


1 


0 


0.8 


1.2 


0.8 


0.4 


0.4 


0 


0.2 


0.8 


0.6 


0.8 


0.6 


0 


0.2 


0.4 


1.8 


0.8 


0.8 


0 


















Beginner = 0 


No = 0 


No = 0 








Intermediate = 1 


Yes = 1 


Yes = 1 








Advanced = 2 













































135 



Appendix Q. 
Raw Data 
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Appendix Q. 
Raw Data 
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Appendix Q, 
Raw Data 
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Appendix Q. 
Raw Data 
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Appendix Q. 
Raw Data 
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Appendix Q. 
Raw Data 
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APPENDIX R. 

Glossary 



Landmark Knowledge 

This is where the navigator orients himself by highly salient visual landmarks. In the case 
of the natural environment this may be a prominent hill top, road junction, or small lake. This type 
of knowledge is characterized by having a direct visual image of the feature. The existence of 
landmarks is key in the early formation of navigational knowledge upon which subsequent 
learning will create route and survey knowledge (Thorndyke, 1980). 

Route Knowledge 

The ability to navigate from one spot to another utilizing landmarks or other visual 
features to prompt the navigator to turn left, turn right, or proceed in a new direction. The ability to 
recall these features allows you to give directions to another person from a point located along the 
known route. Not being able to recall the features only gives you the ability to recognize them on 
site but not give directions to others. Route knowledge is knowledge from an ego-centered frame 
of reference usually gained by personal exploration of the area. It does not recognize alternate 
routes or short-cuts. Knowledge of the relationships among features along the route is 
unidirectional where the knowledge may be known of how to go from point A to B, but not from 
point B to A (Allen and Kirasic, 1985). 

Survey Knowledge 

Sufficient navigational experience eventually provides what Thorndyke refers to as survey 
knowledge. The knowledge resides internally as a “cognitive map”. The ability to describe the 
relative locations of landmarks, and the distances among them even though a route among them 
has never been traveled is an example of survey knowledge. Survey knowledge, unlike route 
knowledge, is based on an exocentric point of view, much like a birds eye point of view for the 
navigator restricted to foot travel. It is tantamount to having a mental representation of a physical 
map (Goldin & Thorndyke, 1982). Survey knowledge built through personal experience of the 
actual environment is referred to as “primary” experience (Presson & Hazelrigg, 1984). Survey 
knowledge acquired through some other means such as map, picture, or VE is known as 
“secondary” experience (Goldin & Thorndyke, 1982) (Thorndyke & Hayes-Roth, 1982). Presson 
& Hazelrigg (1984) and Scholl (1993) have shown that survey knowledge obtained in this fashion 
is inferior to primary survey knowledge. The inferiority has been shown to arise with the location 
and orientation of landmarks. If a person has both route knowledge and primary survey 
knowledge they have complete navigational awareness (Satalich, 1995). 

Orienteering 

A sport that utilizes a specialized map and simple compass. Orienteering competitions 
(events) are varied in type, but they all involve the use of map and compass to find 12” x 12” three 
sided markers called controls. The controls are normally half white, half international orange, 
separated along the diagonal of the 12” x 12” square, on each of the three sides. Thus the control 
is designed for equal visibility no matter what direction it is approached from (presuming there are 
no intervening obstacles). Orienteering events are usually held in natural environments as 
opposed to urban settings where several course are offered reflecting different levels of difficulty. 

Difficulty is determined by a two fold metric that examines course length and the technical 
difficulty of the controls placed therein. Courses levels are identified by color names where white 
is for a beginner course of about 3km in total straight line distance connecting all the controls 
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(there are anywhere from 7 to 15 controls per course depending on course level and the course 
setter’s discretion). Controls are normally found in a prescribed sequence, indicated by the map, 
and skipping or missing a control results in participant disqualification (all controls must be found 
in sequence in order for the participant’s run to qualify for ranking. 

All starts for the different courses are typically from the same point with the courses 
diverging from there. Control features are contained within a circle normally 30 to 50 meters in 
diameter with the feature itself being located at or near the center of the circle and a description of 
the feature provided on the attached clue sheet (see clue sheet below). Lines connect the 
controls so that the participant can see the sequence that the controls must be visited from start to 
finish. Participants prove that they have visited a control by “punching” a score card with a pattern 
producing punch (about the size and shape of a pocket stapler) which is unique to that control. 

Unlike most other outdoor distance events route selection is left up to the participant. 

Route selection is extremely important in the sport and allows for more mature and experienced 
participants to outperform younger more athletic ones. 

Orienteering Map 

A highly detailed map normally produced at a 1:15,000 scale for official competitions with 
larger scales of 1 : 10,000 or 1 :7,500 used sometimes for unofficial events. 

Vegetation is portrayed in a much more detailed way than what is normally done for either 
military topographic maps, USGS topographic maps, or trail maps. Vegetation is categorized by 
its ability to be run through, which reflects the sport’s characteristic of racing against the clock 
over unfamiliar terrain with map and compass to guide you to the controls marked on your map. 
Typically vegetation is classified as easy running (no obstructions) to fight (obstructing vegetation 
so thick it is best avoided). It should be noted here that the ability to move rapidly through 
vegetation does not necessarily correlate with an ability to see easily through that same 
vegetation. Thus low lying scrub that provides excellent visibility over its top may nonetheless by 
classified as fight due to an impenetrable density. 

Orienteering maps also normally contain “micro” features normally too small to be 
included in military or USGS maps. These micro features include but are not limited to small pits 
1 meter deep and 1 meter in diameter, isolated boulder(s), individual trees or bushes when 
mapping them does not make clutter and contributes to the course setters options by providing 
more features, minor cliffs, embankments, telephone poles and wire, indistinct paths, and many 
other manmade and natural features. 

By containing more features the Orienteering map provides the course setter and 
competitor with a finer more detailed representation of an environment and in turn greater 
opportunities for testing navigation skills while under the clock. Standardized colors, patterns, 
markers, and lines are used to depict the various features. For more information on Orienteering 
maps see the International Orienteering Federation’s (IOF) Specifications for Orienteering Maps in 
Appendix 1 . 

Clue Sheet 

A description sheet attached to each map that has the details on the location of each 
control. Beginner’s descriptions are written in English. On intermediate and advanced courses, 
IOF symbols are used, (see Figure 1 for clue sheet with descriptions used in this experiment). 

Rough Map Reading 

A technique for map simplification where all but large or conspicuous guiding features are 
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eliminated from the participant’s route planning consideration in order to only include those 
features that will help guide the participant into the vicinity of the control. This method is 
commonly used exclusively by beginners and selectively by intermediate and advanced orienteer 
(Lowry and Sidney, 1989). 

Precision Map Reading 

A concentration on the fine detail of a map as an orienteer approaches the vicinity of a 
control. This method is normally used by intermediate and advanced orienteers as they move 
down the last quarter of a route and approach the vicinity of the control on a map with many 
details vicinity of the control (Lowry and Sidney, 1989). 

Attack Point 

A distinct easily found feature usually within 200 meters of the control. The point serves 
to break up the route in segments thereby minimizing the probability of drift off the route. Typical 
attack points are trail junctions, field corners, trail bends, hills, and re-entrants ( also known as a 
draw where the land rises on three sides and drops on one creating a natural funnel that leads up 
hill to a ridge or hill top. 

Handrail 

A linear feature such as a road, trail, stream, or ridge that allows the orienteer to follow it 
as a guide which is parallel or congruent with the desired or most direct route. 

Catching Feature 

A prominent feature included in a route plan so that when encountered it triggers a 
change in direction. 

Attacking From Above 

A method for finding a control which advocates when possible approaching a control from 
above and walking downhill towards it thereby gaining the widest field of vision, and being fresher 
(of clearer mind) by eliminating a fatiguing uphill climb while simultaneously scanning for the 
control. 

Aiming Off 

A method where the orienteer deliberately plots a route to one side or the other of the 
direct route. It exploits the existence of handrails to one side or the other when used along the 
route. It is also used to extend the control by aiming off to a distinct linear feature that will lead 
you directly into the control. It also can be used for going behind the control into a large catching 
feature which when found tells you to turn one direction or the other and go into the control (Lowry 
and Sidney 1989). 

Parallel Error 

The confusion of one part of the map or terrain with another similar section. 

Default Error 

A penalty applied against those who due to running out of time, did not get to look for a 
given control(s) . Within the context of this experiment, a failure on a participant's part to begin 
looking for a control because of the expiration of allotted time while searching (unsuccessfully) for 
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the preceding control. An example would be where a participant finds controls 1 - 4, and while 
searching for control 5, the allotted hour expires. In this example this participant would be given 
four default errors (one for each of the four remaining controls in the nine control course that the 
participant failed to even begin searching for. This is a penalty applied to participants who do not 
finish the course so that better statistical comparisons can be made between them and those who 
do finish the course. 



Default Distance Off Route 

A penalty applied against those who due to running out of time, did not get to look for a 
given control(s) . It is calculated by summing all planned route distances (in meters) on all 
controls where a Default Error occurred, and the most probable (an inference on the likely route a 
participant would take to get from their current location to back onto their planned route - if they 
are not already on it) route into the control they were looking for when official time expired. This is 
a penalty applied to participants who do not finish the course so that better statistical comparisons 
can be made between them and those who do finish the course. 

Default Checks 

A penalty applied against those who due to running out of time, did not get to looking for a 
given control . It is calculated by taking the treatment group with the highest average for map 
checks on a given control and if it is not a whole number, rounding that number up, and assigning 
that number to that participant’s map checks for that control. . This is a penalty applied to 
participants who do not finish the course so that better statistical comparisons can be made 
between them and those who do finish the course. 

Default Map with Compass Checks 

Identical to the Default Checks above except this penalty is for the Map with Compass 
Checks category as opposed to the map only checks (Default Checks). This is a penalty applied 
to participants who do not finish the course so that better statistical comparisons can be made 
between them and those who do finish the course. 

Active Errors 

The sum of actual observed deviations from planned route over a participants course run. 
Every instance is where the participant left the tolerances of his marked route. See Active 
Distance Off Route below for tolerances. 

Active Map Checks 

An actual observed participant’s map only check. Each instance represents a 30 second 
period where the participant was given the map to orient themselves. 

Active Map with Compass Checks 

An actual observed participant’s map and compass check. Each instance represents a 
30 second period where the participant was given the map and compass to orient themselves. 



Active Distance Off Route 

The sum of all deviations (in meters) of where the participant went off their marked route 
while looking for the controls. This figure is only for those controls that a participant found, and in 
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the case of not finishing the course, the actual distance off route while looking for that control 
when time expired. The tolerances for what is considered “on route” are: 



1 . If the route is marked on road or trail then on route is not straying beyond five meters 
to left or right of that trail. 

2. If the marked route is not on road or trail then staying within 1 5 meters to the left or 
right of the marked route is considered as being on route. 
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